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ABSTRACT

A recently proposed sum coincidence technique, for

the direct measurement of the ratios of internal conversion

coefficients of cascade transitions, has been shown to yield
values for these ratios which are in excellent agreement with
those obtained by other methods. This new method is independ-

ent of the relative intensities of the cascade transitions and-

of tﬁe half life of thé-parent iéotope. Cascade transitions
in the'leveis of as’> and cstt haﬁe been studied.

| The ratios of the tofal internal conversion co--
efficients for cascades from the 401 kev levei in As757have

' . a e '
been found to be: ELZ£ = 5,5 £ 0,6; and aiéé = 4,0 £ 0,3,
280 - 7265

The value obtained for the ratios of the K conversion

coefficients of the 124 keV - 496 keV cascade in Csl3l was

65 + 5. ° .

Measurements on the K/ (L#M) ratios for the 124, 216,
131

373 and 496 keV transitions in Cs yielded the following values:

- { K/ (L+M) )216 = 3.1 + 0.3;

-8

UK/ ), = 2.6 £ 0.2

-

R/ )0 = 4.6 £ 0.5 (K/() ) o0 = 6.1 £ 0.5,

3




INTRODUCTION

A knowledge of the internal conversion coefficiénts,
or their ratios, ié of importance to obtain some picture of
the excited states of a particular nucleus. Theoretically,
from the internal conversion coefficients of.traﬁsitions_it
is possible to predict the spin and parity changes involved
in nuclear transitions, and hence the experimental values of
the internal conversion coefficients provide a good test for-
the theories_&f nuélear énergy levels, 4In this thesis is
presented a direct method of measuring the ratio of the iﬁter—
nal conversion coefficients of cascade transitions. The
methbd has been applied here only to cascade transitidns-
following electron capture as the beta spectra are much simpli-i
fied for this type of decay.

The method described in this thesis utilizes a sum
coincidencé technique and has the following main advantages
over the usuél method employing a beta ray spectrometer.

i} It is a direct method since it invol§es only one
experimental measurement as opposed to qther methods which
require a knowledge of both the cdnversion electron-and_the

' gamma ray intensities.




ii) The method is independent of the half life of

the decaying parent isotope.




THECRY OF THE SUM COINCIDENCE TECHNIQUE

This method of measuring internal conversion co-

efficients of cascade transitions by a sum coincidence technigue

1)

was proposed by S, K. Sen and subsequently reported by Sen

2)

and Hogg ', The method relies upon a sum coincidence between

a conversion electron from one part of the cascade and a gamma

ray from the other part as shown in Fig. 1.

Fig, 1l:
 »Simp1e Cascade i
Transition =
Y] O e
Yo OF e
‘ 2 2

Electron capture sources had the advantage that all

electron gamma coincidences that were observed were from cas-
.cade transitions. The internal conversion coefficient, o, is

defined by the equation:-

Ne-
Qo = =
N7

wheres

Ne is the number of conversion electrons andh%, is

the number of gamma rays from the same transition. If we

consider a simple cascade transition, such as that shown in
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Fig. 1, then the following equations can be deduced:

N e : ’
N = o] e Q& v s W toq (l)
e; - (T =+ ali L= Bl B ] _

where:

N is the number of conversion electrons from the

€1

first transition which give a pulse in the total absorption

peak of the electron detector;

No is the number of cascade transitions:

e is the conversioq qoefficiépt of'the.first
transiﬁion; | |

?Bl' is the peak efficiency gf the electron detecFQr
for conversion electrons from the first transition;

~and wB is the so;id angle of the,elect#on detector,

as seen by the source.

Similarly, for conversion electrons from the second

transitiohz.
Yo (2)
— ) . a e w . e 2
Nez (T a25 N Bo ) B ¢ ‘

If we now loock for coincidences between conversion

electrons of the first transition and the following cascade

gamma ray we obtains:

N = N p 1 s € ¢ W *Do (3)
v e WEey Y2 )

.where:




Ne Yo is the number of pulses of type'N’el which are
l .
recorded in coincidence with a photo-peak pulse in the gamma
detector caused by a gamma ray from the second part of the

cascade;

e72 is the photo-peak efficiency of the gamma
detector for photons from the second transition;
and wy is the solid angle of the gamma detector as

seen by the source.

.Similarly, for coincidences between a conversion
electron from the second transition and the preceeding gamma

ray, we obtain:

N = N @ 1 s © ;"w ooe (4)
271 %2 Txepy N ¥

Dividing equation (3) by equation (4) and sﬁbstitut;ng

for N, and No, from equations (1) and (2), we obtain: gvﬁf

2
N . e e :
€ yz o _.]; Bl ° yz . : poe (5)
N Gy € e ’

If we now display these'coincidence pulses from the

electron detector on a multi-channel pulse height analyzer, we

will get an area Ay correSPaning to N€172 aﬁdian area Aé
corresponding to Ne y so that equation (5) can be written as:
' 291 S
a_l,:f_l_q B2s: yl ass (6)

012 2 eBl eyz




Hence we are able to find EL °

a
: _ ) 2
{ By dividing equation (1) by equation (2) we obtain:
| ' N e
i s e | -<N° LI, B wor (7)
| N T« l+a,) N e »
i§ . ey 2 1 o) 52 .

From the singles electron spectrum displayed on

a multi-channel analyser we can obtain the areas Al' and A,

corresponding to Nél and Nézrrespectively in equation (7),
so that: , . . .
. e : :
: Nb . 1+a2 = fl - Ez v Bz ’ o veo (8)
1.+o:,:L Nb Aé al eBl .
5 N N . . .
| Now o = 71 for this simple cascadej
. N . o<
» 1 e ’ '
R 6 N AP L | vor (9)
‘ N, Al e a a
Y2 2 By 1

thus enabling us to find the ratio of the gamma ray intensities
of the two transitions.

There are however very few decay schemes of the

simple type shown in Fig.»l and it is shown below how>equations

(6) and (9) may be derived in the case of a more complicated

- decay scheme shown in Fig. 2.

7 . » Level number
Flg, 2: : . 1

Complex cascade
translition,
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Suppose we are interested in the cascade from level
1l to level 3 via level 2.

Let the fraction of transitions from level 1 to

level 2 be X;, and from level 2 to level 3 be X;.

If we consider first the equations for a sum coin-

cidence then the ngmber of conversion electrons from the 1 to
s . o N -.a ) C .
2 transition is equal to _0l 'l where Nbl is the total number

1+o
S A . '
of transitions from level 1 to level 2 and is equal to Xj;fiN,

where N, is the total nunber of decays, and f; is the fractioﬁ'
of the total nﬁmief of electron capture transitions leading
to level 1.

'VHencé equation (1} will become:-

N _N.a e | w '
e = ol l 9 B . D oOe (10)
1 - (T4og L P '

The proportion of transitions from level 1 to level
2 followed by a transition from 2 to 3 is X, and equation (3)

becomes :-

N

N e
e y = - e » X o l - y -] w [N ] (11)
172 1 2 2 o Oy
(lﬁazj :

The number of gamma rays from level 1 to level .2 is

;QL_ and the proportion of these followed by a 2 to 3 transition
- L+a
1

is X, and equation (4) becomes:-

N N, e, 'Ix a eq W
oy, T o0k By By o 2272 eos (12)
271 (THag) L (175,) Ba'B



Dividing (11) by (12) and substituting for N

1
using equation (10) we obtain:-
N e e ) - :
elyz = EL ® _Bl ] Yz 4 ' i . bow (13)

N a . e e
71 2 By m
which is identical to equation (5) .
"~ In.the case of the singles, we have already found
Nel for this complex decay scheme and this is given in
equation (10). 1In this equation we can substitute N? for
' 1
No1 to obtain:- '
1+al _ _
' N N e ’
el yl b al o Bl 5 wB “os (14)

and similarly we write for the total number of transitions

from level 2 to level 3N, = XZNO(lel + £,) and then

2
N, N 5. w» N N e
YZz iﬁa .SO that? ez = Y2 y.az " ﬁz ° ﬂb paa (15)
,'( 2) : . :

Dividing equation (14) by (15) we cbtain:-

N N, e - -
L. M1.%, B . ees (16)
. e ' :
. . -—yl'.:z ﬁ:. El. ._?_2. (17)
N Ay Tay " e e
) P1

which is identical to equation (9).
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Detectors

The electron detector was a gold-silicon p-n junctidn
type supplied by ORTEC, It has a circular area of 25 mm2 and
the depletign layei at-a bias of 200 volts was 460 microns thick,
which is the range of a 400 keV electron in silicon. The
pulses from this detector were amplified by an ORTEC 103-203
low noise systemiéésigned to producé double delay line clipped
»pulses. This type of pulse was'necessary to drive a crossover
pickoff fast coincidence unit.

The‘gamméiray detector was a 1%" diameter by lé,thick
NaI(Tl) crystal mbuntéd in an integral line assembly with a
Dumont 6292 photo-multiplier tube.__Pulées from this unit
were fed,-via‘a caﬁhode followex, to a Nuclear Enterprises 5202

double delay line amplifier;

Electronics

Figure 3 sﬁows a-block diagram of the electronics
used in ﬁhe sum coincidence experiment. The function of this
apparatus was to select those pulses from the electron detector
which were in coincidence, i.e. in cascade, with a detected.
gamma ray, to sum these two pulses and to select bnly those
pulses whose sum-fell in a predetermined range. These pulses
were then analyzedfon_a 200 channel analyzer and from the

data the ratio of the conversion coefficients of the two
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FIGURE 3

Block Diagram of the Electronics




BLOCK DIAGRAM OF THE APPARATUS.
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parts of the cascade was calculated usiﬁg equation (6).
Since the ORTEC detection and amplifying system was éomewhat _
- faster than the Nuclear Enterprises amplifier, a small delay
had to be introduced between the ORTEC amplifier and.the
ORTEC 205 fast coincidence unit. A typical curve for the
setting of this dglay is shown ih Pig. 4.

In parallel with the fast coincidence unit was a
linear addiné unit, a circuit diagram of which is given in
Fig. 5. VThe lafgerattenUating resistor waé required for pulses
from the Nuclear Enterprises amplifier as thesersignals were
-much larger'thén the corresponding pulses from the ORTEC
amplifier. The diode was used to eliminaﬁe the negative portiqn
of the double.delay line signals since this éortion created
difficultigs in the next amplification stage.

The time taken for the.OkTEC 205 coincidence unit
to give an output pulse frqm coincident input pulses was 2.0
microseconds, énd so the added puises were delayed by 2.0 micro-
seconds before going to the slow coincidence unit.

The sum pulses were then amplified, to compéhsate for
attenuétibn in the delay line; ;nd sent'to tﬁe slow coinéidencé
via a single channel énalyzer._ This singie channel analyzerxr
set the sum level and so the slow coincidence unit triggered

~only when there was an electron-gamma coincidence which summed:
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FIGURE 4

Coincidence Counting Rate Versus Delay Line Setting for

the 0-0.25 Microsecond Delay Line
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FIGURE 5

Circuit Diagram of Adding Unit
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to a preset value. The output of this slow coincidence was
therefore used as a gate for the 200 channel pulse height
analyzer. - The latter received its signal pulses from the“

203 post amplifié: after a 3 microsecond delay to aliow for

' the working time of all the logic circuits.
It was also possible to look at the sum coincidence
pulses from the gammé detector, instead of those from the

electron detector, and this was done whilst setting up the

experiment. However, since the resolution of the pulses from.
the electron detector was superior to that from the gamma
detector, the electron pulses were always analyzed in the sum -

coincidence experiment.

Setting up of the Electronics

The ORTEC surface barrier detector was used at a
bias of 200 volts. The amplification gains on the 103-203

system were changed until both conversion lines of interest

could be displayed'togéther on the analyzer. . Low bias values
were set on the fast coincidence unit and on the single channel

analyzer, and with both inputs of the fast coincidence con-

nected to the ORTEC amplifier, the éated electron spectrum
was displayed on the 200 channel analyzer. As expected, this

spectrum was the same as a singles‘spectrum indicating that the
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- delay lines wexe»of the correct length. The lower level of
the single channel analyzer Qas_then raiseq and the readings
at which the-electron conversipn 1ines'were cut off were notea.
| | This proceaure was»then repeated for the gamma ray
signals from-the Nuclear Entefprises ampiifier{’with the ex-
ception that the gain of the amplifier was adjusted so that
the éamma rays of the pascadé were cut off at the same dis-
criminator seﬁtings as Qere the electron convefsiﬁn lines.

The apparatus was then reconnécted as in Fié. 3 and
tﬁe sinéle cﬁannel aqalyzer set at a value just above that
for a singie tranéitionrenergy, but below that for the sum
énergy. The.0-0.25 microsecond delay line was then set for
the maximum number of gating pulses from the slow coincidence
output (see Fig. 4). The single channel analyzer was then set
at a value close to the one for the cascade sum and the
épectrum»viewed on the_200lchannél’analyzer. A number of
spectra were.téken at-élightly‘different single channel analyzer
settings to ensure'thét the spectrum did not cﬁange with this
setﬁing. This ensured that the correct value for the sum level
was being uséd. Fig.‘6 shows the variati;n of sum coincidence
areas over a wideArange of.sum 1evéls.

From these spectra the areas under the conversion

peaks were measured and these values were used in equation (6)




FIGURE 6

Variation in the Ratio of Sum Coincidence Areas With Sum

Level. (The Ratio Shown is for the Areas Under

the 136 and 265 keV Peaks for As’?)

17
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to yield the ratios of the conversibn coefficients. However
therratios of £he photo-peak and_tqtal'absorption péak.
efficiencies of the two detectors at the two ene:gies under
investigétion had to bé knoWn. The efficiencies of the Nal
-crystal were takenrfrom the Handbuch der Physik3) and»the

efficiencies of the electron detector were measured using a

beta ray spectrometer.(see Part II of this thesis).

Sources

We were limited in our choice of sources by four
major cqnsiderations.’

rl) We required a source which decayed by electron
capture so that there would be no background beta radiation.
This radiatipn would make background subtréction of the singles
épecﬁra very difficult and would also partially.invalidate
equation (6).

-2) Conversion-electrons should have energies within
the energ} fénge from 60 to 500 keV. The_loﬁer limit was set

by the rapid build up of pulses due to backscattering of the

" electrons from the detector and thus distorting the conversion

peak; the upper limit was set by the depletion depth of the

~ detector (see Part II).

3} The transition energies of the cascade should

differ by about 50 keV so that the conversion lines from each

TR




19
transition could be seﬁarately resoived.
4) It was necessary to have as large an intensity
_as possible for the cascade *ransitions ih oxder that counting
times should not be longer than 2 days‘fo get approximately
10,000 counts in one of the conversion peaks.
Two sources were chosen which satisfied these re-

131 (12 days)

75

guirements and they were Se75 (120 days) and Ba

which decay, by electron capturé, to excited states of As

and cs3t respectively. The levels of As’>

4,5)

.

had been thoroughly
investigated recently and hence provided us with a guide
as to whether thié method was feasible, whereas information

on the excited levéls of Cél31 6.7)

was sparse and quite old
and we hoped to provide useful information -on this isotope.

The isotopes were obtained from Oak Ridge National
Laboratory U.S.A. as chlorides dissolved in concentrated hydro-
chloric acid. Their specific activities were 7.6 mc/ml for

' 131
the Se75 and 0.15 mc/ml for the Ba .

Source Preparation

One drop of the radiocactive source solution was
dried af the centre of a goid plated V. Y.N,S. film which was
supported on an aluminum plénchette ring.' Details of the
preparation of the source backing and gold plating are given

8)

in a previous thesis from this department™’.
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Experimental Chamber

A plan view of the chamber is shpwn_in Fig. 7. The
~aluminum planchette source rings were held vérticglly in the
vacuum chamber about 1 cm. from the solid state electron
detector, The Nal gamma detecﬁor was just outside the chambex
and viewed the source through the hemispherical aluminum cap.
The chamber was evacuéted usiné a Balzers rdtary pump and a
liquid nitrogen trap was used to-condense any oil vapour which
may otheiwise‘have found its way into the chambet. This pre-
caution was taken because the'surfacé of the gold silicon
detector is said to be sensitive to oil vapour which may cause

a breakdown in its electrical properties.

e
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FIGURE 7

Experimental Chamber

21
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RESULTS ON As75

The presently accepted level scheme for As75 is

shown in Fig. 8. The cascades investigated were those between
the 401 keV level and the ground state.
The sum coincidence experiment was run for periods

of 20 hours and at the end of each run a singles spectrum of

pulses from thé elecfron detector was taken for 2 hours.
Singles and sum cbincidence curves for COnversioh_elections
frﬁm transitions in the exéited states of As75 are shown in
Figs.'9:and 10. There are three cascades between the 401 keV
ievel and the ground state but the.96 keV - 305 keV cascade

does not appear in the sum coincidence spectrum as the 305 keV

level has a lifetime of 3 milliseconds. The other two cascades !
between the 401 keV level and the ground state are separated

by only 15 keV, which is approximately equal to the resolution .

of the detector. Hence the two pairs of peaks are not fully
resolved. This required us to strip off the two smaller areas

from the larger ones before we could measure their areas., We

did this by insisting that the curves should be symmetrical and
have equal F.W.H.M. as measured in keV.
The results of this work on the levels of As75 are

given in Tables 1, 2 and 3. Table 1 gives the ratios of the

total internal conversion coefficients of the two cascades which
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FIGURE 8

75

Decay Scheme of Se75——9As ". Energies given in keV,

(Taken from Nuclear Data Sheets)
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FIGURE 9

Conversion Electron Singles Spectrum for As
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FIGURE 10

. 7
Sum Coincidence Electron Spectrum for As 5
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were investigated; QOur vélues of 5,5 + 0.6 and 4.0 + 0.3
agree well within the experimental errors involved, with the

other investigators 4.5)

. The experiments of Edwards and
Gallagher and those of Grigorev and Zolotavin were done using
beta ray spectrometers. The relative internal conversion

“electron intensities for the 7 transitions which we identified

are given in Table 2. These also show'agreement with the other

investigators except for the intensity of the 136 keV con-
version line which appears to be too high;
The relative gamma ray intensities, calculated from
Tables 1 and 2 ﬁsing equation (7) in the ﬁheory section, are
Shown in Table 3; These-show agreement, within our rather
1arge érrors; with the previously-reported resﬁlts, which have
been found by direét measurémenﬁ.
The.errors on the values qf the ratios of the con-
version coefficients accumulate from three sources:-
i) measurement of the relative areas on Fig. io;
ii) meaéurement of the relativé efficiencies of the
eleétron detector} and
iii) wvalues of the relative efficiencies of the Nal
crystal. The erior due to ‘i) was reduced té 4% or less by re-

peated experiments. The error in ii) and iii) was estimated

to be approximately 2% for each ratio. This gave us a total

R
R
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error of about 8% for the 136 keV - 265 keV cascade (the
more intense of the two) and about 10% for the 121 keV -
280 keV cascade. The 10% errors in relative electron intensities
' in Table 2 arise from difficultiés of background subtraction
and the moré difficult unfolding of the curves_ih Fig. 9. The
erroxs, in Table 3, of the gamma ray intensities are the

composite sum of the other errors.




RESULTS ON Csl31

The presently accepted level scheme for Cs131 is

shown ianig. 11. The cascades investigated were those between
the 620 keV level and the ground state, Of the four such
cascades the only one which we identified was the 496 keV -

124 keV cascade. The other cascades from this level are down

in intensity by a factor of=20 times or moreg) compared to
this cascade. |
Suﬁ coincidence spectra weré‘taken for periods of
20 hours and at the end of each run a singles spectrum of
-pulses from the eiectron detector was taken for 2 hours. Singles

and sum coincidence spectra for conversion electrons from

131

transitions in the excited states of Cs are shown in Figs. 12
and 13. Figure 12 also contains two lines, K-276 and L+M-276,

1 . . . . . . s
of Ba 33m which was contained as an impurity in the original

solution. It was found to disappear quite rapidly in comparison

to the Csl31 lines since Ba133m has a half life of 39 hours, ;'

compared to 12 days for BaT Tt

It can also be seen from Figs. 12 and 13 that the
496 keV conversion lines appear narrower than the other peaks.
This is due to the fact that the ORTEC amplifier was working

" near the maximum pulse height limit and was non-linear in this

region. It was however ascertained that the area under these
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FIGURE 11

13 \ . ..
Decay Scheme of Ba 31——+ Csl3l. Energies Given in keV,

(Taken From Nuclear Data Sheets)
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FIGURE 12

Conversion Electron Singles Spectrum for 83131
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FIGURE 13

Sum Coincidence Electron Spectrum for Csl3l
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peaks remained consﬁant when the amplification was reduced
and these peaks takén out of‘this non-linear portion of the
spectrum. |

The results of the work on the excited levels of
'Cs:l‘3l are given in Tables 4, 5, 6 and 7. We dbtain a value .
of 65 + 5 for the ratio of the K conversion coefficients of
the 124 and 496 keV trgnsitions. There is no previous re-
ference to this except that of a récently published paper by
9)

Kelly and Horen”’. (This paper came to our attention after

we had completed our-work). From the paper by Kelly and Horeng),
we have calculatéditwoxvalues for this ratio, one directly
from the ratio of conversion electron intensities to the ratio
of gamma ray intensiﬁies, which came out to be 65 (no errors
are quoted on these measuteménts), the other from the ratio
of their calculated conversion coefficients_which was 60 * 25,
This work of Kelly and Horen was done using a beta ray spectro-
méter.

The K to L + M conversién ratios given in Table 5
r'wére measured for both singles and sum coincidence spectra.
- These values are compared with other published valuess' 7 9).
It can be seen that our values are self'consistent and agree

: 5 ’
with those of Kelly and Horen ) except for the 216 keV transition,

It is found fér this transition that there is a contribution
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TABLE 6

RELATIVE K CONVERSION ELECTRON INTENSITIES

37

Transition energy

(keV) Kelly and Horen Present Work

124 100 100

216 10.2 8.7 + 0.5

373 1.6 1.5 + 0.1

496 2.7 . 1.8 +0.1
TABLE 7

RELATIVE GAMMA RAY INTENSITIES

Transition energy

(keV) Kelly and Horen Present Work
124 1G0 100
496 170 120 + 20
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to.the 216 L+M conversion peak due to K conversioh frbm the
239 keV transition and if allowance is made for this using
the results of Kelly and Horen then the tw§ sets of data for
the K/L+M ratios are in agreement. |

Table 6 shows the relative K conversion électron
ihtensities_compared fo the only other published data and
these valuesragree except for the value of the conversion
electron intensity of the 496 keV tranSitioﬁ which we have
found to be some 30% lower than that of Keily and Horen. Our-
value for the relative gamma ray intensity as calculated from -
Tables 4 and 6 is given in Table 7. This also shows a dis-
:Crepancy of some 30% in the relative intensities of the 496

keV transition.




N

3@

Discussion of Part I

The work presented here has shown that the sum
coincidence technique for the determination of the ratios of
conversion coefficients is a very successful method. In the
particular cases of measurements on the two isotopes described,

it is probably one of the best presently available methods.

- We did, however, limit ourselves to electron capture souxces

and to transition energies between 100 and 500 keV and had we
stepped ouﬁside these limitations to beta active scurces; then
the experiment would be less acéurate because of the difficulty
in background subtraction. However, they would theorefically
still be capable of producing good results. The limitations
on transition energy were set by:the type of electron detector
available.

The recent technological advances in the production
of solid state detectors have made it possible to extend the
ubper energy limit to 2 MeV, though with some loss in energy

resolution.
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ABSTRACT

Some work has been done using mono-energetic beams

of electrons selected by a Siegbahn-Slitis beta ray spectro-
meter to study the variation of the absorption efficiency
of a gold silicon surface barrier detector with energy and

depletion depth. It_is shown that there is a continuous de-

" crease of peakrefficiency with increasing electron enerqgy,
~and that the total efficiency remains constant, close to 100%,
for a wide rangé of'énérgies and depletion depths, Work was
also carried out to deterﬁine the éensitivity of the electron

detector to gémma radiation.
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INTRODUCTION

 'According to equation (6) on Page 6 in Part I, a
kndwledge of the‘peak efficiency of the gold silicon electron
detector is requireélo) for the determination_of-the ratios-
of the conversion coefficients. This_part of the Thesis con-
tains the measurement§ of the‘efficiency of the electron de-
tector together with other information conderning the detector.

The peak efficiency of fhe detector as a function
of energy was measured in two parfs. Firstly tﬁe total
efficiency, which wa$ found to be 100% in the energy range

in which we were interested, and secondly the peak-to-total.

ratio.




MEASUREMENT OF TOTAL-EFFICIENCY

A Siegbahn~-Sldtis beta ray spectrometer was used to

focus mono—energetic beams of electrons onto the detector.
The detector was mounted on the pole plug of the spectrometex

in such a way that it could be moved on all three axes so that

the position of the active area of the detector could be ad-

justed until it 1ayrat the focal poiﬁt of the spectrometer.

The beta spectra of several radioactive sources
were then found using both the solid state deteétor and either
.a geiger coﬁnter, for energies less than 100 keV, or a
>scinti11ation-c§unter for énergies greater than 100 keV. Both

the latter counters are assumed to be 100% efficient for their

particular energy ranges and so we compared the counting rates
of the detectorsat the peaks of the conversion lines of the

sources. There was found to be no consistent discrepancy at

any energy and we assumed .the total efficiency of the Au-Si
detector to be 100% up to 800 keV. Further, measurement of

the variation of total efficiencf with depletion depth was made

by focussing a mono-energetic beam of electrons onto the de-
tector and finding the change in the total number of counts.
(In a surface barrier detector of this type the depletion depth

is proportional to the square root of the bias voltage).
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This change'in totél nunber of counﬁs'is'shown in Fig. 14
together with the peak to total ratios measﬁred in the saﬁe
experiment, Both curves are for anxincidént electron energy
of 320 keV.

Figure 14 shows tha£ electrons of this energy pro-
duce measurable pulses in the:detector down to a bias of
about 30 volts. This bias is equivalent to the range of a
190 keV electron and we think, therefore, that the total
efficiency of the detector at 200 volts bias will remain con-
'stént up to incident electron energies of 700 keV, i.e, 1.7
times the energy ofrelectroné which are totally absorbed in

the detector.
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PIGURE 14

Total and Peak to Total Bfficiencies as a Funetion of Biae

Vbitag!. Incident Eleatron Energy 320 keV,
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MEASUREMENT OF PEAK TO TOTAL RATIOS

The second part of the efficiencyvmeasurement, peak -
to total ratios, was,carfied out‘also'using fhe beﬁa ray :
spectrometer, The sources of electrons for this experiment
were Ce14; and 05134 deposited on gold plated V.Y.N.S. films

as mentioned in Part I of this Thesis. The mono~energetic

beams of electrons selected by the beta ray spectrometer and
focussed onto the surface of the detector yielded a pulse
height distribution which was displayed on a 400 channel
analyzer, Typicai pulse height spectra, normalized to constant
total area, for some incident electron energies are shown in
Fig., 15. The detector bias for thése spectra was 200 volts,

¢
the same as that used in the sum coincidence experiments

described in Part I, giving rise to a depletion depth of 410

microns. This depletion depth corxresponds to the range of a

400 keV electron in silicon. -Under the best operating con-
ditions full width half maximum (F.W.H.M.) for'the detector

and amplifying system was about 15 keV.

Two important characteristics may be observed in
- Fig, 15:
i) the height of the peaks gradually decreased with n

energy even when the detector depletion depth was thick enough-
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FIGURE 18

ﬂa_rmlizsd Pulse Height Spectra for Different Incident
Energies Taken at a Bias of 200 Volts
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to stop the most energetic electrons.
ii) the width of the total absorption peak for

electrons whose rahge exceeds the depletion layer of the

detector is much broadened.
The first point is due to the fact that at higher
incident energies the more is the number of electrons scattered

out of the detector and hence the reduction in the number of

electréns in the total absorption peak. Figure 16 shows tﬁe
.ratio of the area ﬁndef the to£a1 absorption peak to fhe total
area as determined from.the curves in Fig. 15. The peak to

total ratio is seen to vary only slightly for electrons in the
‘enefgy rahée 150 to 400 keV and to fall off sharply for electrons
Vof energy greater than 460 keV. As mentioned previously,
Velectrons 6f energy 400 keV have a rénge in silicon equal to

the depletion depth of the detector at a bias of 200 volts,

The widening of the total absorption peak at energies above

400 keV is due to the escape of a number of the scattered
electrons out of the detector. The values of F W HM, and

peak to total ratios at various incident energies are given

in Table 8.
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FIGURE 16

Peak to Total Ratio as a Function of Incident Energy
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SOME MEASUREMENTS AT THIN DEPLETION DEPTHS

We also investigated the pulse height spectrum
éroduced in the detector by mono-energetic electrons.when most
of them were passing through the détector. Since we had no
intense source of high énergy electrons, energies greater tﬁan

800 keV, we reduced the depletion depth of the detector so

~ that it corresponded to the range of a 200 keV electron. We

did this by reducing the bias voltage to 50 volts. A set of
pulse height spectra produced in the detector by mono-energetic
beams of eléctrons, normalized to conétant area, is shown in
Fig. 17. At energies abové 300 keV most electrons passed
through the detector and deposited only a small fraction of
their energy. ‘Consequentlf, a broad se;ondary peak appeared

at a lower energy. The position of this peak moved to the left
as the energy Qf the incident beam increased indicating that
the energy for minimum ionization, about 600 keV, had not yet
been reached.

It was also noticed that the F.W.H.M. for the peaks
corresponding to ipcident electrons whoée range exceeds thé
depletion layer of the detector ié much b;oadened. Figures
for this are given in Table 8 together Qith similar information

for detector biases of 200 volts and 20 volts.

,,,,,,,,,,,,,,




FIGURE 17

Normalized Pulse Height Spectra for Different Incident

Energies Taken at a Bias of 50 Volts
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It was aléb noticed as shown in Fig. 17 that the
number of small bulses'(correspohding to a detected energy
- of 30 to 70 keV) increééed quite rapidly as the number of
electrons traveréing the detector increased. This is shown
more clearly in Fig. 18 where the enérgy scale.has been con-
sidérably expanded. The upper curves show the low energy
part of the spectrum ﬁor energies which are totally absorbed
in the detector. The low énergy 'elbow!’ _of these curves
appears to be at apprbximately the same energy for all three'
incident energies. Thié is nét true for the curves shown in
the lower part of Fig., 18. In this set of curves the incident
énergy of the electrons was'sufficiently high so that most of
.the electrons passed through the detecﬁor.- Thé cause of this
shift is not fully understood although‘we think it is probably
due to the coMbiﬁed effect of backscattering from the surfaée
and the shifting and rising of the low .energy b#bad secondary
peak with increasing energy. It is not due to'noise and is
unlikely to be pulses from electrons which have passed through
the-detector because the probability of these.electréns leaving
a pulse smaller than those in the bréad transmission peak is

very slight.

B o




FIGURE 18

Low Epergy FPulse Height Spectra at a Bias of 50 Volts
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GAMMA RAY SENSITIVITY

One of the properties of this éetector, as can be
seen from Fié. lS;‘is the éssentially uniform backgrouﬁd pro-
duced by beams of mono-energetic electrons. This means, that
_for elements decaying by electron capture; background sub-
traction for a conversion electron spectrum ié a relatively
simple and aécurate manipulafion. This would ﬁot be the case
if the numbe: of pulses from the detector due to Compton in-
terxactions witﬁ gamma rays became arsignificant part of the"
spectrum. This is shown in Fig. 19 showing the-pﬁlse height
spectrum produced by CrSI. This spectrum was taken in the ex-
' perimental chamber not in the beta ray spectrometer. The large
area on the left is due to Compton interactions with the 323
keV gamma raylwhilst the peak on the right is frém the Cﬁn—
version electroné bf this tfansition. The gamma interactiqns
are viéible here-on;y because the conversion coefficieht of
this transition is vérf small, .0615, and the number bf gamna
rays striking the deﬁector is 700 times the number of electrons.
From this the_smai;est,conversion éoefficient>whichican be
measured without-having to make a cbrrection for this effect
" has been éstimated to be .005.

Compton>scattering of gamma rays has also been ob-

served when.pOSitrons were fired into the detector by the beta -

......
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FIGURE 19

_ 51 51
Pulse Height Spectrum Produced by the Decay of Cr  — V
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56
ray sﬁectrometer. In this case there is a high energy tail
on the posiﬁron spéctrum due t6 Compton scattering of the
.511 MeV agnihilation'gamma ray. This is:shown’in Fig., 20.
This figure shows the pulse height sPectruﬁ produced for two
different incident po#itron energiés; The energy differeﬁce
between the peak and the edge of the tail is approximately
constant at 325 keV, Fhe maximum enexrgy of a Compton electron

scattered by a .511 MeV annihilation gamma ray.
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FIGURE 20

Pulse Height Spectra Produced by Poaltxons
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Discussion of Part IX

The situation with regard to the use of silicon sur-

- face barrier diodes for electron, or positron, detection, as

- shown in this work, is that except for very low energy electrons,
the peak efficiency of the detector is never greater than 70%
mainly because of backscéttering out of the detector. It also

shows that there is a continuous decrease of total absorption

peak efficiency with energy. This is not in agreement with the

work of McKenzie and'Ewanll)

. who found that this remained
constant up to 350 keV, {At this enexrgy the electrons had a
_range equal to the depletiﬁn depth of their detector’.

o ‘Although the detector response is 1inearlo), the peak

efficiency for electrons which are able to~penetrate the de-

tector depletion depth decreases sharply and the F.W.H.M. of
the peaks'is broadened by about 30%. Also the low energy tail

of the spectrﬁm is distorted by backscattering and this sets

a lower limit on the energies of electron conversion lines, in
this case about 60 keV, below which there would be considerable

distortion of these peaks.
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