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ABSTRACT
The shorter half-life of a two-component beta decay
was determined. Natural silver was activated with thermal
' neui;rons to Iproduce isotopes Aglo8 and Agllo. The
shorter half-life decay (that of Aglio) was isolated from
that of Ag108 by measuring the decay of only the higher
energy betas associated with Agllc. Because a large
portion of the energy spectrum was excluded, pile-up
corrections were rnecessary. The half=life was also determin-
ed using the more conventional two-component method. The
single-component method yielded a half-life of 23.26 - .03
seconds compared with 23.43 + .04 seconds determined by
the two-component method. (Only statistical. uncertainties
are shown above.) The techniques used for making pile-up
corrections are described, and systematic errors are
discussed. ‘This investigation indicates that accurate half-
_ life dgter’minatioma can be obtained with the single-component

——

method.
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Lo INTRODUCTION.

A conventional method for determining ths half-life of
one beta decay nuclide in the presence of another nuclide
with an appreciable longer beta decay half-life, is to record
the composite decay counts and to mathematically separate
the two decay modes, thus yielding the half-lives of both
modes. Some of the limitation3 on the statistical accuracy
of the short half-life determined by the above method can
be avoided if it is feasible to eliminate the longer half..life
comporent from the decay counts. In this investigation the
shorter half-life component had the higher of the two beta
energies. By detecting only those betas above the maximum
long-lived beta energy, a separation of the short-lived
componernt was effected. However, even those high-energy
betas initially detected comprise only a small fraction of the
total composite beta spectrum.

In spite of the smaller counting rate (compared with
detection of the entire composite spectrum) when detecting
only the high-energy betas, the resulting statiatical accuracy
of the short half-life determined in this manner can be
somewhat better than that of the short half-life determined
in the conventional manner from the compcsite decay. How-
ever, there is no advantage in this single-component method
when seeking an accurate half-life value, unless other
possible errors are properly accounted for. Consequently,

7
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this investigation is primarily concerned with properly

accounting for the systematic errors associated with the

above described single-component method of measuring the
shorter half-life.

The short half-life was also determined by the more
éonventional method of detecting and analyzing the two-
component decay. Agreement between the two methods thus
conastitutes a demonstration of the validity of the single-.
component technique.

A natural sllver sample containing isotopes 107 and 10G

201 -Reactor and rapidly transferred by means of a pneumatic

(1) to' the detector site. The beta

was' Irradiated with thermal neutrons in the core of an AGN
E transfer system

i -particles emitted in the decay of the activated sample were '
% . detected using a Europium doped Calcium F'luoride scintillation
1

E crystal with photomultiplier .tube. and associated electronics.
The decay counts were stored .In a multichannel scaler.

When actlivated by thermal neutrons, natura) silver gives rise
to two‘ radioactive isotopes, (108 and 110), Whiclzh"'vd.ecay with
maximum beta particle energies of 1.65 MeV and 2.87 MeV
respectively. (See Figure 1 for simplified decay schemes.)
The currently published half-lives of these decays are

72.42 + .02 minutes for Ag'%® and 21.5 + .3 seconds for >

jkg1log2).

~ _» The single-component method of measurement consisted

- 8
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Figure 1. SIMPLIFIED SIILLVER DECAY SCHEMES




of counting only those pulses from the amplifier correspond-
ing to beta particle energies of 1.9 MeV or greater. This
was e;.ccomplished by pulse height discrimination using a
sing;le;ichannei pulse-;height analyzer. In this way, only beta
particles emitted by Agllo, the short half;life isotope, were
selecj;ed fer the multichannel scaler. The relatively high
discriminator setting on the pulse-height analyzer used in the
meagsurement above made it necessary to correct the data
for pile-up. Pile-gp results when two beta particles are
detected by the scintillation counter within a time called

the plle-up time. The amplifier circuit is unable to resolve

the two incoming pulses in this time and its output is 2

. single pulse equal to the sum of the two incoming pulses.

The magnitude of this new pulse may now be of sufficient
inmplitﬁde to 2xceed the discriminator level and he erroneously
counte%d as a higher energy pulse. Three steps were
emplofed in order o determins the pile-=up correction. First,
the effective pile-up time was calculated using measurements
on 08137 sources cof varying strengths. Second, pulse-~
height spectrum measurements were made on silver from
V;Jhich it was posaible to deduce the composite beta spectrum
of the silver sample a3z a function of time. Third, the
time varying spectrum was used alohg with the pile-up time

to determine the number of pile-up counts which cccured

during a given time interval., These counts were then

10
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subtracted from the raw decay counts before final analysis
was performed.

The second more conventional method was used to
measure the decay of Agilo for the purpose of demonstrat-—
ing the validity of the previous method. In this method the
discriminator of the pulse;height analyzer was set at a
minimum value so that beta .particles of both isotopes were
selected for counting. Pile-up corrections, although fer
less significant than in the first method, were also applied
to this data.

Fach set of corrected data was then least-squares
fitted to an appropriately assumed mode of decsy. The
calculations were carried out by "the FRANTIC computer
program. Average values of the half-life of Agllo deter-
mined by the two thhods were consistent to witlin 0.7%. |
The disagreement is believed to be due to systematic errors
to be discussed in Section IV.

In order to perform this experiment certain modifica-
tions of existing equipment were uaecessary. An air-tight,
light-tight beta detection assembly built around the Can(Eu)
crystal was installed permitting the uncovered lower face of
the crystal to be placed directly over the activated sample
and accomodate the pneumatically controlled sample holder
(rabbit). A method wés also devised to yield positive
indication that the sample was in the same location in the

11
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reactor core for each activation. The above modifications

and others described in Section III resulted in efficient
ﬁ beta peir.ticle aetection. Also decay counts were recorded
with a minimum Joss of time following activation arnd with a

maximum reproducibility of activation for different data runs.

.
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II. EXPERIMENTAL RESULTS.

The values of the half-lives and their statistical
estimators of standard deviation determined by FRANTIC
are given below. These estimators are purely statistical
in nature and do not account for the much larger systematic
errors digcussed in Sections IV,\ " and VI. The average
valuas of half-life are weighted averages. The methods for
determination of these averages and the final estimator of
standard deviati;n'for each average are explained in refer—

<
ence (3).

FRANTIC OUTPUT
One Component Runs

Estimator of

Run Half-Life Agllo Standard Deviation
( seconds) o ( seconds)
1 23.188 | .0BL
2 23.187 .059
.3 23 .1.50 .103
e 23.243 077
5 23.378 o .112
6 23. &30 .095
Average 23.26 _ 0.03

—
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Two Components Runs

Estimator of

Run Half-Life Ag 0 , Standard Deviation
(seconds) (seconds)
7 23.381 .109
8 23.479 . . 089
o 23.473 . 065
10 . ) 23.487 .079
11 23.295 077
12 23.462 . 085
Average 23.43 . Ol
108 Estimator of
Run Half-Life Ag Standard Deviation
2 ( seconds) (seconds)
7 11,452 ; 410
8 1y1.255 . 323
9 131,361 .299
10 131.256 271
5 141,317 277
12 142.128 .310
Average 1ul. 45 .13

Chi-square Test
The Chi-square test was applied to each of tne above
runs substituting the product of the degrees-of-freedom and
the weighted-variance-of-fit as given by FRANTIC, for
Chi=square. A confidence level of 0.05 was chosen, and

run 7 was discarded from further consideration based on this

//

‘ -crité.rion. The averages listed do not include this run.

References (3) and (4) are recommended for a more detailed
discussion of "goodness—of-fit" as applied to this investigation.

Average Half=Lives

110

One Component Ag T3 2=23.26 + .03 sec.

-
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110 . _ .
Two Component Ag . : _'I'l/2 23.43 + .04 sec

108

Two Component Ag T1/2 =1p1.45+ .13 sec.
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B
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I1I. EXPERIMENTAL DETATLS.

EQUIPMENT AND PROCEDbRES
By means of a high speed pneumatic transfer system,
a rabbit composed of balsa wood and polyethylene, onto
which the silver sample was fastened, was transported from

the counting area to the center of the reactor core, a

. region of high neutron flux.. In this region the sample was

activated with a slow neutron flux of 2.8x107 neutrons/cmz-

sec. for a period of two minutes with a reactor power
level of 0.63 watts. (Two minutes is the time which will

110

optimize the activity of the short-lived Ag with respect

108.) The sample was then

to that of the longer=lived Ag
forced out of the reactor core Fy a positive pressure and
seated under the detector assemblﬁr.

The detector assembly consisted of a 1/8 inch thick,

2 inch dlameter, 'CaFg(Eu) scintillation crystal optically

-cox.:Dled ‘with an EMI/US 9536B photomultiplier tube. The

: 6u‘ébut of the photomultiplier tube was fed to a preamplifier,

(5)

Iollowed by an’amplifier and a single-channel analyzer

& 25; ’The output of the analyzer was then fed to a multichannel

- gecaler,

In addit_ion to the single-channel analyzer (described

‘_é.b.o’i‘r'e) which selected the pulses for decay counting, there
-"Was a second single-channel analyzer paralleling the first.

‘ 'I‘he discrimmator of this second analyzer was set at a

16




minimum value which corresponded to G.35 MeV energy. The
recording of counts in the scrcler which followed this analyzer
was initiated at the same instant the rabbit was fired from
the reactor. The total counts recorded by this scaler for
a standaru interval of time constituted a measure of the
source strength for a particular irradiation of the silver
sample. Thuva, the relative source strengths of different
irradiations of the silver sample were accurately known in
* terms of these -"monitor"” readings.:
ENERGCY CALIBRAT.ON |

Prior to each run the pulse height spectrum of a
05137 source was recorded. The spectrum was recorded
in 256 channels of the pulse-height analyzer. The high
voltage power supply was subsequently adjusted, if necessary,
s0 that: the conversion electron peak (‘talten approximately as
.64 MeV) appearing in the cesium spectrum, was’ centered in
channel 45 of the pulse-height analyzer. - A typical 081327 i
spectrum is shown in Figure 7 in Section VI. A discussio;n
of the spectrum is also included in Section VI.: s R

A second check of the energy calibration at a higher
energy was made by utilizing the end point of the 1.65 MeV
beta ~spectrum of Agloa. A secondary silver sample wags
activated by slow neutrons and éfter a 4 minute wait; .so

110

that Ag had decayed to a negligible level, a pulse-height

spectrum. was recorded. A proper energy calibration required

17
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that the beta spectrum end point of 1.65 MeV appear
approximately at channel 120. These two pulse-height
':.-.Bp‘ectra,!' mmeasurements were made to ensure reproducibility
Hjof“ ele¢tronic -gsettings for each decay run.
DECAY MEASUREMENTS

» Two methods: were used to mesasure the decay of the

gilver sample. In the first method a high discriminator
15 " . setting on the single-channel pulse-height analyzer was used
so that only those higlher energy pulses greater than 1.9 MeV

from the short-lived component, would be recorded. In the

.second method a much lower discriminator setting was used
so that both the short and long half=life components were
recorded. A total of twelve data runs were made, six for
: each method, with the same sample being used in all runs.
| Single=Component
; = With this method, the integral discriminator dial of

the single-channel pulse-height analyzer was set at a reading

which c.orr'espon‘ded to an energy of 1.9 MeV, which is well
above the maximum long-lived beta energy of 1.65 MeV. ‘The
raw counts were recorded in 128 channels of a multichannel
scaler set for two seconds per channel. Counting began at
the instant the rabbit was fired from the reactor core.

&

Hc_wqw(ér, because the rabbit was not seated for the full

period.of the first two seconds of ‘esounting, the data in the
._.<.;-..{:fir's{;”'channél was not used in the analysis.- The rabbit's

18




transit time is estimated to be a small fraction of & -
second. Monitor re 'ings were recorded for these decay
runs.
Double-Component

With this method the integral discriminator dial was
set at a minimum which corresponded tci_ 0..35 MeV energys
Both the 1.65 MeV and 2.87 MeV beta components were
counted and recorded in 5i2 channels of the multichannel
scaler with two seconds per channel. Monitor readings
were also recorded for these decay runs.

CORRECTION MEASUREMENTS o
Pile-up Time Measurements

, Four Cs137 gources of widely differing strengths were

prepared for these measurements. These sources were

} *
which were held in place

mounted on. aﬁuminum plancheis'
beneath the beta detector by a:specially designed source
holder. The gain of the detector system was adjusted so
that essentially the upper limit of the Csl37 spectrum came
at channel 130 out of a total of 256 channels of the pulse-
height: analyzer. (See Section VI for z discussion of the
spactrum. ) The pulse-height spectrum was detérmined

using the weakest cesium source so that the dead time losses
in. the pulse<height analyzer would be minimized. 'The logses
duzing thla measurement were £{3.0 + 1.0}%. The pile—up

efifect for each of the sources was meacured by & single-

19
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immediately recorded using 256 channels of the pulse-height

IOBNRIPES, 7o 0} LR o v Gy i Y 4 T

channel analyzer whose discriminator setting corresponded
to channel number 140 on the pulse=height spectrum.
Monitor count:,s to determine relative source strengths were :
taken for all four sources uging a minimum discriminator
setting. See Section VI for a detaliled aiscussion of the
use of the measurements taken in this section.
Pile-=up Correction Measurements

In order to apply the pile-up corrections, the compo-

gite beta energy spectrum of silver had to be known 1s a

~function of time. To accomplish this, two measurements

of the silver beta energy spectrum were taken. For the

first measwrement;, the silver sample was irradiated for

. 2 minutes at 0.1 watts, and a pulse-height spectrum was

analyzer. The lower power (comparad to the power for a -

‘decay meaBurement) was used to reduce pulse-height analyzer

¢iepd time losses., For the second measurement, the silver
sample was irradiated for 2 minutes at 0.63 watts, the
same as for a regular decay measurement, and a pulse-
height spectr¥mn was recorded beginning 4 minutes after the

end of irradiation. This enabled the short-lived component

to decay for 10 half-lives, and, therefore, allowed us to

determine the spectrum of the longer-lived Agloe-, The

' usual monitor readings at a minimum discriminator =tting

20

-, : z T R R T R T R SRS e =




were taken for one minute on both runs. A more detailed

discussion of the use of these measurements is given in
Section VI,

Dead Time Measurements

T e

The two-source method was used to determine the

dead ='me of the multichannel scaler (See Section IV for

A= O

the equation used.) 'The gamma radiation from two approx-

137

-

gources was detected by a scintillation

counter with a Nal(T1) crystal(5). The amplifier output

imately equal Cs

e A

puises w’/o;are very nearly identical in shape and time dureation
to those from the CaF,(Eu) beta aetector used in measur-
ing the silver decay. Therefcre, it was assumed tha%: the
dead time o¥ the multichannel scaler determined by the
gamma pulses would differ little from a comparable determin-~
ation using the bota detector.

Background

Backgrouvnd m. isurements were made prior to each
decay run, using the same integral discriminator setting as
for the decay run.

MISCELLANEOUE MEASUREMENTS

.1‘

Activation of a Blank Rabbit
A rabbif:, similar in every respect to the one containing

the silver sample, but without any silver attached, was i

irradiated in a manner identical to that for the silver decay

rung. The resulting activity from this blank rabbit

21
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recprded for the discriminator settings used in the two
types of regular runs was determined to be negligible

compared to that of the rabbit with the siiver sample.

Checl on Timing Interval Calibration of
Mulitickannel Scaler

To check the accuracy of the two second interval per

ST

channel of the multichannel scaler, s 10 KC signal from a

cr*yétal—controlled ogcillator with a rated output specifica-

tion of 100KC + one cycle/second at 50°C was fed into

e o ooy

the multichannel scaler and counted. Based on this measure-
ment, the time interval was found to be in error by less

than 0.005%.

—
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IV, ANALYSIS CF DATA.

PRINCIPAL CALCULATIONS
Pile-Up

If two beta particles are detected by the scintiliation
counter within a time called the pile-up time, the amplifying
circuit is unable to resolve the resultant pulses and there-
fore produces a single pulse whose height is equal to the
sum of the two individual pulse heights. For the decay
measurements utilizing an integral discriminator setting, tweo
pulses normally not counted may combine into a single pulse
which éontributes an extra output pulse from the discriming-—
tor.

Plle~up is the predeminant error occurring in the
single-component decay megasurement since the discriminator
setting ie such that initially, approximately 90% of all pulses
in the silver spectrum are rejected. An appreciable port.ion
of those pulses which are counted may arise from plie-up
between pulaes which normally would be below the discrimina-
tor setting. Deacriptions of the techniciues for determining
the pile-=up time and corrections to the decay data are givem
in detail in Section VI, Corrections for pile-up were |
applied to the compiled raw data points by the use of the

computer program, ADDUP, described in Appendix 2.
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Dead Time
The dead time loss most significantly affects the two-
cor_nponent decay measurement. The dead time for the
;e"qu_'ipment used in the decay measurements was determined
Dby ﬁh_e two=gource method as described in Section II. The
following formula, which is accurate to witliin one per cent
for counting rates typical in this measurement, was used

to calculate the dead time:

oy = .'td = __fng____
Agfiy - Al

e
1]

counting rate of source 1

I
fo

Y
]

n_ = counting rate of source 2

i

counting rate of sources 1 & 2

BB Ml ﬁb = background counting rate

62 S N Er TN
Sl

Two sete of data were taken, and the 'resulting average dead
il 4! p .
time was determined to be:

N SERTES PO

‘ /Cd = (2.5 + .2) x 10"6 seconds

e’
R

whex;é the u{lcerﬁainﬁy quoted is base& only on the statistical
.;"ﬁhcez;tain;cies of thie measurements., The calculation of dead
t“ime c.rc;rr'ecti‘ons to the decay data was carrieéi out 'b‘y‘ the
FRANTIC ic‘gx’n;')uter program. The dead time correction was

applied to input data already corrected for pile-up. For

*th types"of decay runsg, the maximum error ian a final
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corrected decay-data point intwroduced By this procedure .
is estimated to be less than 0.05%.
Final Half-Life Calculation

The FRANTIC Program for Analysizs of Exponential
Growth and Decay Cmes“") was used exclusively for the
dead time correction of data and determination of half-lives.
This program takes raw decay counts as input and fits the
counting rates (corrected for dead time) by least squares
analysis to an assumed mode of decay which is in general
the sum of eﬁponentialf decays. The output of the program
includeé the computed half-lives and their standard deviations,
an analysis of the deviations of the dai:a points, and a |
computed value of Chi-square. The results are ligted in
Section II.

Background

‘The background counting rate was measured grior. to.
commeéncement of each run. This background rate was
then normally applied as an input to the FRANTIC program.
However, the assumption of the invariance of the bacﬁagz'ouﬁd.?
during the decay cf the sample was tested for all of the :
two-component runs by allowing FRANTIC to compute the
.background as a component. .In all cases the measured baqlta-
ground was within the statistical uncertainty of the computed
background. These results verified the original assumption

that the decay consisted of a constant component and two

25
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exponentially decaying components. A similar analysis of
background invariance was not carried -6ut for the one-
__com?onent runs gince the measured background counting .
jE"1i‘rsa.1:c."~;"é/'f -ﬁere all considered to be negligible. ‘
ERROR ANALYSIS

* . 1P sgible sources of error include instabilities in
glectronic components (including the' detector), impurities in
the: sample, ‘Least Squares Analysis (F.RANTIC), statistical

errors in counts, statistical and systefnatic errors in pile-up

‘and-dead times, background and timing uncertainties, and

.77 the number of data points used in the analysis.
5t Impurities in the Safnple
% Phe silver used as a sample was 99.999% pure when
proé&fed. However, when being rolled into a strip for
h. attachment to the rabbit, there is a possibility that impurities
“were picked -up. Although the effect on beta-active impurities

-is believed to be negligible, gamma-active impurities may

v partially account for the disagreement in the results of the

two immethode and for their disagreement with the published
valies. 'The efficiency of the scintillation counter for
"de&acting gammas is somewhat higher than the usual beta
3 detector because of the thickness (1/8") of the CaF,(Eu)
’A-_’Crys\tal.. FRANTIC is incapable of resolving the effect of a

“small impurity such as this. . .

o ¥
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Least Squares Analysis (FRANTIC)

There is a possibility of an error inherent in the
FRANTIC program although this seems unlikely. Statistical
weighting of the data points was used in the FRANTIC |
Least Squares Analysis, which is normal practice. One
might suspect that this would lead to a different result
from unit weighting, for example. Hov'zevér, past experience
indicates that the type of weighting used in the least éqti’a.reﬂ
analysis has little effect on the half-life results. (Private
communication from Rodeback, G.W.)

Pile-Up Time and Dead Time \

The statistical error associated with the measurement
of the dead time (8%) was found to cofrespond to 0,18
error in the Agll0 haif-life for the one-component runs and
0.2% error in this half-life for the two-component rung.
Because the dead time was determined using a gamma
detector (Section VI), there is a possibility of a systematic
error in the dead time of the order of 10%.

The sta’istical and systematic errors associated 'tii'/i'th‘
the measurements for plle~up time should be less than the
statisticsl sprow fop AHé dbad time. A possible systeméiﬁicf”- Y
error of 20% h;m been agsumed for the pile-up time Eh;e
Section VI). This corresponds 1o about a 0.3% change i the

110

Ag half-life ‘as detefitined by the one-component rina, " ' ‘
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: Background and Timing Uncertainties
The effect of uncertainty in background was analyzed
by‘ -..ompu.’unb half-lives with FRANTIC with input values .
Ef'of baclzground rates 50% and 150% of the measured back-
grounq?f,lraj:es. The effect on the half-life value was found
to b‘eii,r‘l_egligiblg for both of the background values.
'I‘he u;‘{lce'fctainty in the timing 1nterval is known to be

AT
t;_:fltc;;g}ﬁ ,’.j;h(an one part in 20,000 from the 10 KC calibration
m§§,§%qment.' 'When this uncertainty was introduced into
thg.F:l;e.Ai\lTIC input the final effect on the half-life value
was negligible.
Fhn eyt Number' of Data Poi_nté
e ‘:ii_-j_";:;h'e__‘sevnsitivity of the short half-life and its standard
1'§;9,§,\ri§f§!§# v‘a‘.s.! ’cﬂomputed _'by;E."R.;Al‘\.TTIC, to the number of input
'datéépgiyts:,.was tested. The AD.,DUP pfogram was used to
"co:m':b-ile._original raw~-count-data into a spécified number of
.mput _points., These input points always applied to the same

5 ;Z.overall time mterval of measurement. The run with the

"mgalle,&it._standard deviation for the shorter half-life was

KT
Y

.éie“fl&éqted(from the single and from the double-component

degc ys, to be analyzed in this n.anner.
,.'a{ ,For the single-component decay 57, 38, 31, 28, 23

(and 11 input data-points were used. A tendency,toward a

l.'num standa.rd deviation of the half-life was noticed in

‘-'s'té'

‘. the vicinity of 30 points although the total variatxon in the




half=life. valuve was less than 0.1%. In the double-component
decay analysis 250, 125, 100,-50 and 25 points were used.
There was no apparent trend in the standard deviation of
the shorter half-life, and the observed variation in halfw
life value was even less than in the single-component runs.

It was concluded that the FRANTIC program iz not
gensitive to the number of good input data-points, the
total of which cover the same total time interval. The
timing interval of elght seconds per data~point (correspond-
ing to 28 points for single-component runs and 125 points
for double-component runs) that was chosen as the final data
input to FRANTIC, resulted in half-life determinations
whose -standard deviations were not appreciably different
from the optimum attalnable (purely on the basis of statistical
dncertainties).

Starting Time for Ini)ut Data

It was desirable to ascertain the effect of deleting
some of the initial data-points on the various half-life
determinations, For aingle—component‘: runs the averasge
value of the short half-life incieased by .07 secon:da Wk;én
a starting time of t=20 seconds was uased instead of t=2
seconds. For dc»uble;-component runs the average vaiu@ of
the short half-life increased .04 seconds aﬁd the avéfage_
value of the long half-life decreased .01 seconds wh‘e—ana

g;tarting time of t=20 seconds was used Instead of t=2

A ]
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Jeeconds. It was concluded that the actual starting time:
used:had little effect on the resulting half-life determina-
 tiong: A starting. time of t=20 seconds was used for the

calculation of ‘the half-lives reported in Seétion II.

e g anetot menaor s o
’

S o rInstabilities - in Electronic ©Components
The-photomultiplier tube (EMI/US. 9536B) used in

; this investigation was especially chosen for its excellent

-stability with respect to large: changés in count rate.
;S_peqifé;l'- measurements in the past(é) with a comparable .
EMI:ffube and comparable electronic equipment have indicated

't negligible. overall gain shift in the detector system during 3
i;he::period of time required for decay‘ runs. For this |
iﬁv\e%tig‘ati'on checks on the energy calibration following a .

i.oi-series of deeay runs indicated no appreciable changes from

the initial energy calibration made prior to decay runs.. .. , :
/)
gl < »'
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Vo EQUIPMENT.

The equipment just external to the reactor shield,
existing prior to the start of this investigation, was
designed primarily for the detection of gammas from shorte -
lived nuclides. Consequently, it was necessary to design and
build 2 new beta detector assembly and a modified pneumatic
transfer system in order to .neasure short-lived beta
activity. Some new control features for the pneumatic
system were also incorporated into the modificatione. And
an electronic, automatic control circuit for operation of

" the pneumatic transfer systém was successfully bench

tested.
BE:I‘A DETECTOR ASSEMBLY
The beta detector assembly is located outside the
reactor at the end of the pneumatic transfer tube. Thisg
assembly (see Figure 2) was designed and constructed te

provide a means for securing a Can(Eu) scintillation

crystal to the photomultiplier tube and so that the scintillae .

‘tion counter was placed directly above the termination of
the pneumatic transfer tube. Reference (7) gives detalled
specifications of the Can(Eu) crystal. The aluminuin
ghield and clamping devices shown in the figure are joined to
each other, and the lower clamping device to the base {in
Figure 2) by threaded joints. These clamping devices and .

shield serverthree .main purposes:

31
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baratobanis
Aluminum
I..ght Shields &
i Clamping Devices
Photomultiplier
Tube
A
Cai‘?‘2 Eu)
Crystal- ‘\
o _l' 1
- S |
Réabbit'
X el 3
WIEh = o b _ 1O" Ring
~ Silver Sample :
” i Aluminum Base
Figure 2. BETA DETECTOR ASSEMBLY
32
4 r 3




e e b et s A YN AN WA TN VRSN NIV S MM AT  aariesume e e st oo P L T 1 T T SRS AR St s i e A ST YT

1. They clamp the photomultiplier tube, Liucite light

5 R i RIS

r
o ot o

pipe, and crystal together to provide good

optical coupling.

kT SRS

2. They secure the entire assembly to the base.
There Iz an "OY ping in the base arow.d the

opening in th2 pneumatic tube which bears nn the

e R VAR B

crystal and provides a pressure seal for the
gyscem,

3. They act as light shielde to ensure that the
entire assembly is ligl{t—tight.

| RABBIT
The previously existing rabbit wspecifications are
explained by thtle(S ). Thia existing design had to be
modified for two reasons.

1. The activated sliver sample was diroctly esxposed
to the Can( En) crystal to eliminate unwm;ﬁ:sﬂ
absorption of emitted beta pairticies.

2. The rabdbit had to incorporate a spike on the rear
for ma:.'cing with the center section of the -

pneumatic transfer system which will be discussed

e

below.

b

e

The first requirement was met by rolling the sllver

sample Into a b&nd 3 mils thick and 3/32" wide. Thizs band

wae then fastened (Dwo Cement) Fflush with the rebbit
surface so that it Ac.:omplei:ely encircled the mid-portion.
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" 'glox‘yahole lirer by polyethylene rings. The nylon &ivl_der

See Figure 3 for a slde view of the rabbit. The second
requirement was met by affixing a polyethylene baase to
the rabbit with YDuco Cement.” This base has a splke
which is slightly larger in diameter than the inside diameter
of the nylon grip described below. See Figure 3 for a
side view of the spilted base on the rabbit.

CENTER SECTION

Ag previously mentioned some method had tc be
devised to ensure that the rabbit was held in the same
position in the maximum flux reglon of the reactor cors for
each run. Further, a positive indicaticn that the rabbit
was in position was required. These requirements weré
realized In the present design of the center section of the
pneumatic system. (See Figure L)

That part of the pneumatic s;ystem which is inslde the
reactor and shield consists of two aluminum pipes and the
center secticn. The assembly of the two pipes and center
section ie Inserted into the glcr'c'yholeﬁllner which s an
aluminum pipe with an inside dia‘metér of 15/16 inch. 'I’-he.
front pipe of the pneumatic sys":-t:em which eﬁzt;endm from  the

reacto: shield ts the center section has an outside diameter

of 7/8 inch. The back pipe of the system which extends from

the reactor shield to the center section has an ozxtaide

diameter of 2/l inch. This back pipe is insulatea_ci‘ iff:’romf'ih@

35
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forms the bulk of the device, serveé as a bése; and
insulates the front and back pipes from one another. It
is threaded and fitted with Y"O" rings on both ends so as
to form an alr=tight, rigld, and insulated junction between
the two aluminum pipes of the pnewnatic system., Tho _
nylon grip congisting of L flexible fingers is screwed as &
subassembly into the divider. The inside diameter of the
grip receptical is slightly smaller than the outside dlameter
of the rabbit spixk@. Thin aluminum wires lead to the outer
portions of &g fingeré of the nylon glrip and lead through
the divider to éontact points which connect with the resr
aluminum pipe.

When th.e rabbit Is fired into the reactor ;:ore the

o

polyethylene spike on the rear of the rabbit becomes
securely lodged in the fle%:ible grip. At the same cIv‘cime the
electrical contacts in the grip are forced outward and
contact is made with the front transfer pipe. This

completes the circuit shown in the figure and a positive ;

indication is given on the ohmmeter that the rabbit is located

at the maximum flux position of the reactor core.

SOURCE HOLDER
An aluminum gource holder was designed and constructed.

This was used for reproducible positioning beneath the detector

137 ) :
37»5 sources uged In the experiment. - -
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CONTROL OF PNEUMATIC SYSTEM

A complete cycle of the rabbit is beat described
with the aid of Figure 5. The rabbit is placed into the
pneumatic tube manuallir at the counting position by s
temz;ox"arily Ivemoving. a brass seat assembly at the forward
end of the f:ube. The valves shown are manually operatedl-
by switches. The rear;vacuun: valve which evacuates from
the rear portion of the tube is opened. The return-zir
valve ls then opened so that atmospheric pressure forces .
the rabbit into the center section of the system. After
about oﬁe second, the return-;air switch Is released,

?

closing the return-air valve. Next, the front-vacuum valve

is opened _(Notg: rear-vacuum valve is still open) to vacuum, .

and- the entire tixbé: iz now nﬁore- complei:e!y evacuated., A
few seconds -érior to the énd. of ;‘:he predeterminad activa-
tion "time thé~two vacuum valves are closed. ‘Then ‘at-, tho
eﬁd of the m'e&etermiﬁed a'ctivation ﬁme the "fire? -';Jalvé at.
"the rear of the. tube is opened, releasing an air pressure o?

15 pounds pmr square inch againﬂt the rear of the rabbit._‘

This forces the rabbit back into the counting pomition wit,hin

a small fraction of 2 second. The "fire® switch which opens Y.

A

the F’fire“ valve also has other functicns, as. deacribed be&ﬂw.

LHfter the osabbit is scaued in the coun’cing pcsztmn, a
bﬁeeder walv.e .may be momentarily - opened reducing the

pressure in the tube to ~.atmosphemc. ‘ RS 1. AP &
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ADDITIONATL. ELECTRICATL, SYSTEM MODIFICATIONS
LeThe number of functions of some of the switchea

""3_1‘”:1 ‘the electricdl’ control system for the solenoid valves .

7 i
Py % 2

d@véfibed?’:aﬁﬂﬁé’;'weré increased. The corresponding modifica-
' tionalz‘esulted ‘in" dn- accurate and reprodhcible timing of

'5‘, aetivé:tmn of the Ba.mple9 together with a precise Initiation

ef £WO pulse counting circuits. An electric timer was

i o 4.
”(_,, e

actua.ted by t&e momentarlly closed air-return solenoid switch
thz'ough a holdlng relay. Thiis,‘-“ the timer was started

almultaneously‘ ‘with the entrace of the rabbit into the

reat.tor oore. T-his‘ tim‘er was usied- to time sample activas=

..

"”pneumatlc 'ayatem. . ,'I‘he high-pr’essure’ ibr then forced

.....

'hannel scalax‘ byumeane of ‘a specfal pulse-formthg

w_ ‘mp‘ A ‘," o

i

“2 4O




RN e Tt ag d K ket g ctte gt

n A ST AT P A AT B T T

circuit. Thus, the multichannel scaler was
stérted at the instant the rabbit was removed
from the reactor core.
AUTOMATIC TIMING AND CONTROL CIRCUIT
The control circuit shown in Figure 6 was designed
to automatically remove the rabbit from the reactor after
a predeterrﬁined activation time. The circuit was designed
and a prototype VSZS constructed, and bench tested. This
control system was considered feazsible but was not incorpora=-
ted into the pneumatic transfer system. |
The control circuit was designed around Fairchild
integrated circuits including: the 90029 buffer, the 91429
two=-input gate, the 92329 flip-flop, and the 92729 inverter. .
These circuit elements é.re shown on the circuit diagram as
900, 914, 923, and 927 respectively. |
The input to the control circuit can be any pulse with
relatively sharp leading and tfailing edges.. For;' this applicas )

tion a 10 KC signal was fed into a 4 decade scaler.. An

> e sl

output pulse rate of one pulse per second was fed from the |

scaler.into the control circuit. The input is only effective

under the clear condition of the counter (upper row of . .. .

923'a) which would exist only if the rabbit is in the grip

;,
N

of the center section (Figure 4). k=it """‘{3.;};}‘.‘5}

}

The desired sample 'é.ctivation time is déterm}pgq‘:!p_:ﬂ- i,

o S T B

N ¥ o Wi el ) gy Wi e e ,‘.
seconds, and this time, minus one second, (called the set =

1 =
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count) is set in binary numbers on the five flip-flop circuits
in the upper half of the‘diagram. (The time base could be
increased from one second in powers of 2 by adding flip-

flops between the input and the first flip-flop of the diagram.
The present activation time capability of 32 seconds could

bef extended by adding flip;-flops and gates to the left of the
top line of 923'3.) On the set count the vacuum circuit .
flip=flop experiences a falling voltage and cuts transistor C\Qi
off which in turn closgs the vacuum rel'ay‘s and sclznoids, p
sealing the system under a vacuum. On the set count plus
one the flip~flop of the fire circuit experienceé a falling
voltage and, hence, forces .transistor Q2 into saturation

. opening the fire relzay and solenoid. The rabbit is then |

forced by ‘compressed air cut of the nylon grip, at which

P B

time all elements arc preset returnir}.g Ql‘ to saturation and

Q2 to cutoff. The circuit is now prepared for another

(8)

cycle

L3
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Vi. DETERMINATION CF PILE-UP CORRECTIONS.

DETERMINATION OF PILE.UP TIME

The effective pile=up time of the circuitry employed
in recording the beta decay of tsailver was determined with
the use of the beta activity of 33137 sources. The
strengths of the four sources used were such that the
counting rates ranged from approximately 400 c/sec to
0,00C c¢f/sec. The discussion which followa describes the
measurements which were made and the analysis that was
used.

Congider Figure 7, which is the obaerved pulse‘-heig;h%:-
spectrum (using the multi-channel analyzer) chbtained from
the weakest of the &bove;mentioned gources. This spechtrum
iz also assumed to represert the shape which would be
obtalne& for any of the csl3? sourc.:es uwsea.

In what follows, channel numbers will simetimes be
used to apecify the energy or energy ranges of pulsesz in
varioua regions of the spectrum. The spectrum peak,
somewhat below channel 130, originates from the K and L,

conversion electrons, as well as from the 0.667 MeV gamma

-

pulses from the BalB? decay, the latter being detac ied by

the rsiatively thick (Ffor betah) Can(Eu) acintillation . - -
cryagtal,
N Although the spectrum has almost negligible &mgﬁiﬁtﬁd@l .

above channel 130, for sufficlently strong cel3? sources

L5

5 Lt AR

e




TSRS RN R R A R s n e e e e

an integ_:_:‘_al discriminator setting corresponding to channel
140 will yield a measureable counting rate. This counting
rate i assumed to consist of three components: pile-up
pulses -produced principally by pulses bet}We‘en channels 10
and 130, background pulses of greater ampiitude than
channel 140, and beta particles from the hxgh—energy portion
of t:he rclatlvely weak mteneuty 1.17 MeV beta t**ansn:lon
of. 03*37,4 '

137

F'or a given Cs source let fi .repr;sent tile‘totai
counting rate In the interval of the pulse height éﬁéctrum

| fzﬁc}m chanrele 1(‘)'-130; and l‘et m be the expéerimentally - - * -

dletem’ained counting rate with an integral discriminator

setting corresponding to channel 140. ’?‘he three contributions
to m are now represented by:

(1) t =7, 2h2 + Bh + C

“where Z‘p is the pile:up time which is to be determined, B

is the ratio of the portion of the 1.17 MeV Beta ‘spectrum
counting rat’e‘-,-lying.abov'e ” chan;qel‘il;.o. pto n, and C is the
ohserved background counting raﬁe above channel 140. B can
aléo-be 'deﬁéﬁrmined from the analysis. . The f‘-iﬁst. term on. the
right 'éidve of the eduation thus fg'pr;esents' the pileiﬁp counting

rate above channel 140,

% Five percent of the tot?l'CsB.? beta decays are contributed
’by this high-energy beta'®

3

46

2 mo




In brief, all the quantities except 2; and B in

equation (1) are measured or indepeﬁdent!y calculated (F

is a factor that is calculated with the use of the spectrum).

Therefore, by taking measurements using two or meoere

sources that gilve appreciable plle-up counts, these two

quantities, 'fi) and B, can be calcuiated using Qqu.ation {1},
DETERMINATION OF F .

Aa‘auming that the given '03137 sptectr.un‘: (f"igux"@ 73 F
applies for a given source strengﬁhq the pﬁemué couvating
rate :f'or an integral discriminator setting corr‘essﬁondimg;._‘ to ,.
channel 140 can be calculated in terms of ?}; If the
amplitude of the spe;:trum is assumed to be rtagligiblé from
channels 130 to 140, then only pulses within the inﬁ:@f#ﬂ"@i’
channela 10 to 130 contx;ibute tc this pile-up ﬁfaté._v ‘

In the following derivation the pulse energy {(l.e., the | )
abcissa of Flgure ) is treated as a coﬁtinuoﬁs variable. | |
The ordinate variabie will be called N (B¢), the counting rate
per unit energy interval of the spectrum (lying batw:@n
channels 10 and 130), the pullses of which are capable of
vielding pile-up pulses. "'I‘huj!a':_ N (E') dE' represents the
counting réte og thosge pulges -'lsi'ln'fg,'o‘be_tm‘veen.'Eﬂ‘j and
E' + dE' and N {E") dE" represents the c_g{'m‘ntlng.vrm:e- of o
those pulses lying between E" and E" + dE¥.

T.is defined to be the time int;ar-val during whﬁqh ié '

p
is possible for two different pulses to co_rrlxb'ine-i‘n_to a a!ng)e' o

L7
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pulse w‘hoaexhe‘ight is the sum of the _t.wo.individual pulse

i ' Y ‘heiéhts.,_,»--Now-,, leonsider a small finite time interval at>7T,
= ﬁ!(EE)dE’At iz the .number of pulses from dE' in time At, and
Tpi&( E')dE%t .ie the ‘total time available for pile=up ‘during At.
Thus, %N(E')dE'AtLN(E")dE‘ is. the total number of

i i7pile—up cou.nts between the two energy intervals durmg the time
£ .‘,:ﬁt and, 'tpN(E')dE'N(I:.")dE" is thr average pﬂe-up count rate
: ov«er the ir;tgrval Q. ‘ |
| Thus far a given 1nterval from E' to E'+dE' the total

pJe—»up rate is seen to bes ’E’? N (E)dE N (F:.M) O!E
4 , S

I e g o it
.

and since E‘ may take values from. 10 to 130, the overa.ll plle-'

up c'oun;t‘:' rate Is: 'E’P; N(E’)[qu ‘:l (E“) d an G‘E

T —

,' .
@r the overall pxle-up countmg rate 18 ’C’ =] where S is the*
g a‘bcwex double integral. Thus; the pxle-up countxng rate can

- .2 130
be expres%d as- ’C’m Whe&e n = " N( E')dE' ’

_'?But a coneideratmn of N (BE) for various source strengths

14

indicates tha{: ‘the COrz!esponding values ef S are proportxonal
to -the’ source strength squared. Consequently,*lf the '
: shape of the spectpum is aseumed, as a fmst approximatlon,

:';., T e to be mdwpendent of Lhe sourge strength, ?..2' should’ be

e :

i 1 " S
> jccnstants Aceo"dmgly the quantity EY ls defmed to be ;‘:L 2

. "where-ﬁl is the countmg rate of the weakest source over

. the lnterval 10 to 130, and S is the correspondmg double

*

¥ | .
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integral. Plle-up effects for the weakesat acurce are
agaumed to be negliglbie.

To determine F, the double integral S was evalie-=

te&t graphically with the use of a planimeter. The value for
n 1? as obtained from the measured spectrutl, was correldted

with a simultaneouz scaler measurement taken from 2 o

130,
DETERMINATION OF?;) E :
""I."he 'determin;ai:ion. of. n In equation (1) for the other - . - é
‘ ) thrée 36}@0@8 was based upbn a ~.<:li:i;"ect cor_npavis.on of their
actilvity with that ai;' the Weak@st ‘source. This was de..mem
slmply by umng ajn integral discriminator setting corresspond-
st (S

lng to charm@l 2L and by me‘aéuving Ehe counting rates for fe

each of the four gources.. The above coun*ing rates were

LRI

then corrected for the dead time of the scaler that wag—=" _ .
used. e . “

" The discrlnﬁm tor sett;,ing correaponding tca channel 2l .
wasg auffaclentiy high that the above counting rates were in .

<error due to pile—up that is contmbuted by the pozvtion of

- "

" the spectrum below channel Rk. An analysis of f:hls effect .

.(ﬁimuar to that usaed to dewz!mine the prineiple pil@-rup teﬁ*m ‘

e

,.,'..;ln eq.mtion (1)) resulted in converting equation {1) into a

, qampl-r&tlc equ'ation in Z‘;) wher-e n was_replaced by the’

corresponding counting rate uncorrected for pile-up.

‘Obgerved .data for the two strongest gources -then led to

19
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a quadratic equation in T“p with B eliminated.* An
accurate approximate solution of this equation yielded a
‘. 'valueof “’Z“’p- = 0.28 s sec. The effect of pile-up in

-.j--.@.egtgjq;'mlning the ‘true gource strengths was to increase the

: ".!-;ggggggogré_cted" pne-ﬁp time by 4%.
) 'I’.he?con'sistency:.ef the entire set of data was
ol vvehecl ced by‘ using equation (1) with the above value of pile=up
eir@e, ‘to predlct m f'or the two weakest sources. The
-éa,’g’reem-ent with the’ me_a.surec'l values of M was exce-llent;
' - ‘ ' )

-therefore, the determination of pile~-up time should be

r.éliablem The prihcip!e uncertainty-undoubtably rests with

I3

,-‘fi.the abaumption that .the factor F is constant for allnsource
3! ‘° strengths, : The uncertamty in. 'Z" due to: thlS arssumptwn

is arbitrarily aeeumed to be 20%

I?:HEIGHT -::PECTRUM Aci AFUNCTION OF TIME

4 Lo

_'In order ‘to calculate the pile-up corrections for each of’

’.;the two types of decay runs as a :E’unctlon of time, it was (
T ST AL B
neceqsary to deduce the composite silver pulee—hexg;ht

die ' ! = it
".‘n,"'x“' "_rlri."'v B N L AL -

'~"spgctrum aa ¥ funcL‘on of tnme.. This was done' by measuring

.: PR

thc pulse-height spectrum in two different ways The
":';f“ *v. epide, A

first s';octrum ‘wae obtained by‘ abtivatlng the silver sample
3 b i ; . SR

e, 1 b3

tx' the identical manner used in regular decay runs., However,

n-an—mu&'-a--nalmn—-n-u--——--——-
§ '

| DETERMINATION OF THE.COMPOSITE. SILVER FULSE-

< At A NS 2 e
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counts were not recorded on the pulse=height aimlyzer
until after a four minute delay from the termination of
activation. This delay constituted ten of the short half-
lives; therefore, most of the Agllo activity had died out.®
Therefore, the resulting spectrum was principally that of
the longer-lived (2.4 min.) Agloa. The counts recorded
‘on the pu!se-heléht analyzér were corrected for analyzer
dead time. The initial counting rate (due to Agloa) for a
given channel (corresponding to the end of the activation
period) was computed using the 2.} ninute half-life and the
corrected counts for the given channel.

The second spectrum was recorded immediately follow-
ing actlvation. Howevér, in order to decrease the @ffeﬁt |

\"3

 of :analyzsaé dead .a¢, the neutrén flux was 16% of the

flux used in the regular decay runs. The channel- counts

for this run were corrected for dead time and normalized

e

~to the first pulée-hei‘ght spectrum run described above. The

normalization was accomplished by use of the monitor countg ° '
<3

which were recorded in sach case.

The normalized counts in a particular chamnel now

represented counts frgm the composite .pectrum. The ' 1t

counts for this same chaunpl obtakned from the long half=life .

- .-o-wamwnw&-mnmmcuuunmn-meﬂms’cu&mﬂv@l\
N :

% Actusily, approximatelyi ;d%’ of the activity 4 minﬁteﬁ' after

activation was dus to Ag 5

RESME(PFTmam =
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spectrum were now subtracted from the above normalized
countn; the result represented the total counta arising
from the short-lived component (Agllo). Ueging the
published value of the short half-life and the total counts
arising from Agllo, the initial counting rate (due to Agnol :
f‘)ér this channel was then calculated. - "The EWo ini'tial |
counting rates, calculated as indicated above,. were then
used to determine the overall counting rate for the i"ﬂ;"
channel versus time by using the follm&iqg relat'iontz -

Aeh e NEaa oAt

where z'zos and n ol are the inttial counting ratcs for the
» i ‘ 4

short and long=-lived components calcu.lated as described

l, ~are the decay conata,nts for the

above. A , and A
shor‘; a;nd long half-lives. ni iz the predicted- counting x‘ate
for the i'th’ chanr'el at the time, t.

- “The calculations of the two initial channel couﬁting o
rates, as well as the channel counting rates versus time
were made with the SPECTRUM computer program. (See
Appendix 1 for SPECTRUM.j These spectra were

plotted (Sece Figure 8) and used as described in the Tollow-

ing section in ‘the calculation of plle-up éorreﬁ:tiohs‘;'

£
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buzi:CALCULATION OF PILE-UP CORRECTIONS

By -using the formula expressing counting rate of any

LY

. channcl versus time for the silver pulse-height spectrum,

"_::‘?‘:h@:séectrum can be constructed for any ‘instant of time

":"'}'}fij’,jo‘ll_gyving the end of" sil'ver.a'ctivation. (See. Figure 7

. éhébv!ng the silver spectrumvat three differé‘nt ‘times.) If

Edrepresents the integral dlscrumnator settmg used for

- recording decay counts, :then in a manner similar to that
used ln the prevmus .aection (Determinatlon of Plle-Up Time) .

the pile-up ccunt rate recorded at fhis ihstant of tzme

PR

-

N ) dEv | dm - T s
~E A p

~"J' E ‘r

AT ,N,. A

%h‘ére N(D') represents the counts/sec-energ}’ interval of

i wu ;,., TN sl Yk .
the silver pulse-height spectrum at the given time, at the
IRRA50: ;".‘n«;"‘ e, BRI I e

*; energy P_.U

AN For the smgle-component decay runs, E corresponded

W "H ‘

'P i

to cnannel 130, and for the double—component runs B '
“i| J'\;‘v‘ S .
' corresponded to channel 2L, By plottxng the composute
-;f:‘.»;;*jf\;_'- PR [ 7y

silver spectrum for the times t 0, 40,1 80;-12p, 160, .

,.',

200, “and 214,0 seconds, the quantfty S was. computed
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‘rate vérsus time was made using the above

il

above times after activation. With the value of ?’p as

determined. previously, the pile-up count rate was calculated

for each of the above times for both types of decay runs.

., .For a"gwén, type of run, a plét of the ﬁ!léﬁuﬁ count

fesulﬁa 3 Véluéa '

*

of pileeqp coqnts/ipterval corresponding to the 'A_m.id-pomts k

. . . N 'w . s . B B .y .
" of the tlmlng‘intervals.used in the decay measurements

were taken from the resulting curve. Thé corrections :w_eré"

‘then .polied to the raw. data according to the expressions

o, . & 490 . i e | . . .
' Corrected counts/interval = Raw counts/interval =

o B (Pile=up counts/interval)

-

( Monitor Counts )2 &
d

where Monitor Counts are those counta taken during a

-particular measurement as described in Section III, and

the Monitoy Standard refers to the monitor counts takem

- during the first silver beta spectrum measurements (obtained

by actlvating the silver in a manner identical to that of the

regular decay rung).

The two-second raw data-points were. coxjap_ilad in
groups ot;f f‘ou;- giving an -eight .second'ti@ming intjem.ral péx“ |
input poh;.';; to J‘F.‘-RANTIC. The ptlé;pp cq?rectlen described
above was then anplied to the- compiled data, Compilation &md
corrections were ‘performed by the. ADDUP computar. |

oo

;Srogr-'am (see Appendix ). --"ADD"E;JP;.a,"léo., prepa.ré_d aother. lnput -

cards necessary for the. FRANTIC program.

s
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VII, CONCLUSIONS AND RECOMMENDATIONS.

CONCLUSIONS

.‘,, k : v h e

ity’g and apurlous pulleza ln ’che detectlon syeatem from electrical
_;‘r??(l"' k '.""'. ‘( . ’r .
o picknupo ‘An tncreas@ in the pﬁe-up time of 'che order of 20%

Y S ':'.‘:'.- Tl :1'"’ ~iI YL ".. i

WOuld brlng the avevage values of the Agj 10 half life dster=

S R iih et Soviiay

el L ,\_. i
mingd by i:he two. methods, to within 0.3% of perfect agrec-

.
s“x R b u*;‘v.

-ment._ An Increasc in the dead time would alse bring the

e [ECed ] Z'«:”.‘; T A

values into closer agreemem.. It, therefore, seems reasonable
'.’."., S —F b g A e ] ‘

= ’
tha.t much of the dlaagreemcnt between the two methods could

S
“@asily be accounted for by systematic sTTOrs in the pile=up

,"t:lme .:Ja‘ndfthe dead time.
= “Bon’m of the -disagrc.émeni: between the calculated ;half-
l'lf@.“fir‘aj.iue%.:_and thé-éﬁblléhed values of 24.5 seconds and 2,1@‘

b ;'4’min§téw(2)-‘ could be explained by the presence of fﬁ&puritigg in
:':"ghe ‘sample, If« tlte diéagr@ement was caused by impurities

(wnicn are most likely gamma-active), then it would appear

Af‘:."' : \:W‘—'
that thema was at' ledast one impurity whose half-llfe is Iess

th&n*«zlg. seconds amd another whose haif=lfe lies between 2L

@

B ébcends‘ 'and B 2+ mlﬁu‘tea. If the diaag.s sement was naused by

' *frapurloua puls«as, tha rate of these spurious pulﬂsea must be
depend@nt on the countlng r*ate entering the dmf%tion syetem.
Jl »7-;42“»_-&.-5}1-.-" Ni.hough :aystamatlc .errors of the Lypes ment!oned

‘ pf -_above»y;may‘ a'ccount',fcr* the d!s_agreement' with pub‘lighed'

il T %
T
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values of the half-llves, the agreement between the two

methods Tor finding the shorter half-life, indicates the

SRR 1T P 0 PRI AT

‘ validity of the single=component method. This is further

ﬁ ) . .' '...0

supported by the fact thatneither thé measured short or
5 Y

long half-»llves (determined by either the single or the

% o

double—component methods) were altemd apprtafclab"ly by
changing the 5tart of the first input data point to FRANTIC

from 2 to 20 seconds axter the end of activation (see

DN~ T SRR e e T P L i Sy T
1 »
o :

T

Section IV). It Is therefore concluded that this method

of half-life determination, as demonstrated in this investiga.

x tion, is valid and is Inherently ‘capable of yielding high- : (
9 = "'!
accuracy results.
i . . |
RECOMMENDATIONS Ck

© The ;i:‘ollowfng.recommendations are presented as -',"
possible areas foi 'inlpro’?remeht s6 that this lnvast_ig%xtidn :

might be carried on to more frultful resultas

1. A new detector base should be designed which
_will allow removal of the rabbit without turning of’_fttha
high voitage suppiy to the photomultiplier tube, The detect:m;
sya':e}n is extremely sensitive to the photom;xitipliéff'high.~ S
vcltage, the_a.regfé_?_e,: 1_:.hi‘s. possihl’e ;soug-ce of error x;shquld«bo
eliminated before further investigations are macie,
. . 2. 'I"he, _gutomatic t'i,m_ing and; control c‘ircuif; 'ahotzl.d."be

built and put 'nto opéra,t:lon.
; ,
: wd

t
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3. A thorough check of the electronic equipmernt
should be made and if necessary the isolation of this
equipment from outside sources of interference should be
effected.

4. An even more detailed calculation of the pile~up
time should be carried out. This inv.es,tigation would use
08137 sources, as was done here, but would %:ake the
counting~-rate dependence of the spectral shape into account.
This more detailed calculation would reduce the systematic
error in the pile-up time.

5. A more accurate determination of dead time
should be conducted using two beta sources. This would
require careful design of sources and source holder.

6. An independent examination of the sample purity
could be conducted using spectroscopic ahalysis_. If this
is not feasible, a direct investigation should be made to

determine possible beta and gamnia contaminating activities

in the sample.
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