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ABSTRÀCT

A recently proposed sum coincídence technÍque' for

the direct measurement of the ratios of internal conversion

-l'¡K.l&¡æl

ij¡äiiÈìrii;

coefficient's of cascade transit'ions, has been shov,n to yield

values for these ratíos qthich are in excellent agreement with

thoEe obtained by other ¡nethods. This new method is independ- 
i,,.,fitr:t:':,'lji11:j

entof,there].ativeintensitieEofthecascadetransl.tl.onsand.
ìì :r ;ì.'i. 

':; 
i::

of the half lif,e of, the parent, iEotope. Cascade transitions i'::':i i:

intheleve1sofA"75.,,dc"I31havebeenstudied.
Íhe ratios of the total inteinal conversÍon co-'

75
efficients for cascades from the 401 keV level in As have

0ror , o'^-
been found to bes += 5o5 t Oo6¡ and # - 4oO t 0,3,o28o *265

The value obtained for the ratios of the K conversion j

coef,ficíents of the L24 kev - 496 kev cascade i" c"131 *t"

65 15. i
Meâsurements on the K/ (L+M) ratios for the L24. 2L6'

373 and 4g6 key transitions i' c"131 yielded the foLlowing values:

( K/(&+I\4) |L24= 2.6 !o.2t ( K/(L+14) )rL6- 3'1 I0'3;

( K/(L+M) )."" = 4.6 J 0.5; ( K/(L+M) )+gø= 6'I l0'5'' 3t3
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.INTROÐUCTION

A knowledge of the internal conversion coefficients,

: or their ratj.os, is of importance to obtain some picture of ,,.:..

the excited states of a particul-ar nucleus. lheoretically,.
'

from the internal conversion coefficients of transitions it
',''.'''.''

I 
is possibJ.e to predict, the spin and parity changes involved i:,r,,:..,.

I in nucLear transitions, and hence the experirnenÈal values of ,..irt-- ,

I : .,,,ì.:

the internaL conversion coefficj'ents provide a good test for

presented a direct method of measuring the ratio of the inter- 
,

nal. converslon coefficíents of cascade transitions. The

method has been applied here only to cascade transitions 
i

i

' following electron caPture as the beta speètra are much simpJ.i- 
I

fied for this type of decay-

I rhe method described in this thesis utilizes a sum ,.:.",i'
;,'"'+

coincidence t,echnique and has the following main advantages 
",,;-"'

over the usual method employing a beta rãy spectrometer . 
r:':r.:: r''

i) tt is a direct method since it involves only one

experimenÈal measurement as opposed to other methods I'¡hich

require a knowledge of both the conversion electron and the

' gamna ray int,ensities.

i:rl.i:;l.-:;;
!ììr.:!ilìTi:l



ii) trhe ¡nethod is independent of the half, life of

the decaying parent isotope.

i!:r il

t'

i.:,:i:.:;:

!:+::r:¡,i



THEORY OF THE SIJM COINCTDENCE TECHNIOUE

This method of measuring internal conversion co-

efficienËs of cascade transitÍons by a sum coincidence technique

eras proposed by s. K. senl) and subsequentJ.y reported by sen

and nogg2)! The method relies upon â sum coincidence between

a conversÍon electron from one part, of the cascade and a gamma

ray from the other part as shown Ín Fig. L.

Fig" 1.:

Sírnple Cascade
Trans ítf on

Electron capture sources had tÏ¡e advanÈage that. aLl

electron gamma coincidences that were observed were from cas-

cade transitíons. . ft¡e internal conversion coefficj.ent, c, is

defined by the equation:-
N^a=¡i

f

where:

N_ is the number of conversion eLectrons and N., isv
the number of gamma rays from the same transition. If we

consider a simple cascade transition. such as thaË shown in



I'ig. 1, then the following equations can be deduced:

N- ,- N-o o q,r o ê8., o oo .," (1)
"êl ;'-- ¿ rr^ (r "_oJ

r,rhere :

N^- is the number of conversion electrons from the

first transition which give a puLse i.n the total absorptíon

peak of, the electron detectort

No ís the number of, cascade transitíons;

a1 is the conversion coefficient of the fiTst

trans ition;
êR_ is thê peak efficiency of the eLecÈron detector

,o" .orr.r""llior, "r"o*ons from the first transítion;

and oa is the solid angle of the electron detector,
v

a" 
"aan 

by the source.

SimÍlarly. for conversion electrons from the second

transition:
No

Ner=@

I If we noÌ¡r look fo¡ coíncÍdences between conversion

êLectrons of the fírst transitíon and the folJ.owing. cascadê Lffi..
ga¡nma ray we obtain:

: :' .::

l'.' i':ì:,j
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*", ,, is the number of puLses of type NeI r^lhich are

recorded ín coincidence r¿ith a photo-peak pulse in the gàmma

detector caused by a gamma ray from the second part of the

cascade ¡

e' is the photo-peak eff,iciency of the gammat2
detector for photons from the second transition;

and 0- is the solid angJ.e of the gamma detector asf-

seen by the source.

Similarly, for coincidences between a conversion

elecùron from the second transition and the preceedíng gamma

ray, we obtain:

*", ,, = *", o 
11+:-Ð ' ")r, '' t,, ".. (4)

' Dividing equation (3) by equation (4) ana substit,uËing

for Nel and N., from equations (l) and (2), we obtain:

". " (s)

!1,','n'l':

ìi;:lj.ìì!:...

lri.:: i':::

i::,..¡,:.¡

If vre now display these coincÍdence pulses from the

eLectron detector on a multi-channeL pulse height analyzer. we

tritl get an area Al corresponding to N"..r. and an area A..LI2 ¿

corresponding to N".v- so that equation (S) can be written as:
YL

t"r.r, o, . 
tþ1 

" "/2

oL a1"'92"-zrq=Ð "p, T"
".. (6)



Hence we are able to find 1! ,

By dividing equat,ion (1) by equation 
2(z) 

we obtaÍn:
Nttt, 

,, o, ,.No . 1+42 . 
ePl 

,, (7)

"", 
o, ( l+q.t) No 

"p ,
From the sing!.es electron spectrum displayed on

a muLt,Í-channeJ. analyser we can obtain the areas A,, and A2|

corresponding to Ne1 and N", respectìvely ín equatlon (Z),

so that:
. t+a, ti . o2 " "p2
E_=Ãt q 6;

Nor{t 5- = 
*y, for thls símple cascade¡

l+c¿1

.', *t,:t,"þ,.o,
"rr 2 Ai "p, al

Noq

thus enabling us to find the ratio of the ganma ray int,ensities

of the tvro transitíonE .

tl¡ere are hov¡ever ,rat" ,"r decay schemes of the

simp3.e t)4>e sho\.rn in Aig. L and it is shown below how equations

(6) and (9) may be deríved in the case of a nore complicated

decay scheme shoryn in t'ig. 2.
E.C;

LeveL number:
Flg. 2:

ConpLex cascade
tr"ansltlon.

,," (8)

,., (g)

iil:;:=.::r

1

:ù.+*
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If v¡e consider first the equations for a sum coin-

cídence then the nuniber of conversion eLectrons from the 1to

is equal to.Nolsl where N.1. is the total number i:¡il2 transition 
1r+ar) 

..__ _ _.o1 ___J.! 
.¡¡ur¡.^,=. . ,,

.8
Suppose v¡e are lnterested in the cascade from Level

L to Level 3 via Level 2.

Let the fraction of transitÍons from Level L to

i level 2 be X1¡ and from Level 2 to leveL 3 be Xr.

r of transitions from leve1 I to level 2 and Ís êqual to xtfrlo

where No is the total number of decays, and f1 is the fraction
''of the totaL number of electron capture transitÍons leading

to level 1.

Hence equatíon (1) will become:-

" 
,. (10)N"., = NoL cr 

" "gr , 'g^(E;r
The propo¡tion of transitions from level I to level

2 followed by a transition from 2 to 3 ís X2 and equation (3) .. '

becomes:- . 
:"

NNt""¡fr- ^'e1 . x, " +-ï . ey2. a, .". (11)
\ )- tt\.2J

:ii r : :1.

T?¡e.nudber of gamma rays from Level L to Level 2 is l;itÌrili!ì

lrt

þ1- and the proport,ion of these f,ol1owed by a 2 to 3 transition
l+q.1.

is X, and equation (4) becomes:-
NNN"27, r fu . "vL'v " äåå "p2'p -.. (r2) ,'',1
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DividÍng (1r) by (12) and substituting for Net

using equation (10) we obtain:-
N

þ2 = 
ø, , eþL 

" 
evz ,.. (rs¡

N^ -. 0o e^ e^--ztL , "92 "r,
which is identical to equatÍon (5).

In the case of. the singles; we have al.ready found

Nel for this complex decay schene and this is given in
equatíon (10) . Xn thls equat,ion r4re can
Nor to obtai.n : - 

:his equat'ion r4'e can subst'Ítute *', tot

( 1+q.1)
NNê^""r = ^'7' c al . tF1 . ,U ",, <r¿l

and similarly we lrrite for the total .number of transitions

from level 2 to leveL 3rNo2 = X2No (XlfI + fr) and then
Ny.,- No2 so that, Ne, = Ny2 , a2 . e!, 

" ro' ,." (r5).z 
G+oil

o.. (16)

... (17)

!i,ìì,i.,;:l

Li.¡:ir::*¡'.1

[ 
* :*i]4::J

i'

Ðividing equation (M) by (IS) we obta,Ín:-

N"l 
: 

N)nl 
.ol ,"plq-UE"p,

*r, Ai or tP,

%,"= 4', ' "f
which iE identical to equatíon (9).
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Det,ec t.or s

Tt¡e eLectron det,ector was a goLd-silicon p-n junction

type suppJ.ied by ORTEC. ft. has a circular area of 25 mm2 and

'l *r" deptetion J.ayer. at a bras of, 2 O0 volts was 400 microns thick, i:r:::

v¡hich is the range of a 400 keV eLectron in silicon. The

pulses from. this detector \^rere amplified by an ORTEC 103-203
. .' ,' : i:.;ìir",i. low noj.se system designed to produce doubLe delay J.ine clipped 

,-.;1,;

. puJ.ses. This t14>e of pulse htas| necessary to drive a crossover 
., '.,.'::.j. 

-.

pickoff fast coincidence unit.

The gamma ray detector'was a lL" diameter by 1" .thick

I NaI (T1) crystal mounted in an integral ]ine assemlcly with a

Dumont, 6292 photo-multiplier tube.. Pulses from this unit

were fed. via a cathode follower, Èo a Nuclear Ent.erprises 5202

double delay line amplifier

Elec tr onic s

Figure.3 shows a bLock diagram of the electronics

used in the sum coincidence experiment. The funct,ion of this

apparatus was to select those pulses from the electron detector

which were in coincidence. i.e. ín cascade, v¡ith a detected

gamma ray¡ to sum these t\,ro pulses and to select only those

pulses q¡hose sum fell in a predetermined range. These pulses

were then analyzed on a 200 channel analyzer and fro¡n the

data the ratio of the conversion coefficients of the tq¡o

!::.,::,i
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FIGURE 3

Block Diagram of the Electronics

' :.'l:,-



BLOCK DIAGRAM OF THE APPARATUS,

P,M, TUBE

6292

oRTEC 203
AMPLIFIER

NE 5202
AMPLIFIER

WHITE
CATHOOE

FOLLOWE R

oRTEC 205
FAST COINC.

PULSE

HEIG H T

ANALYSER

3 US.
DE LAY
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L2 rr,'

parts of the cascade was calculated usj.ng equatÍon (6).

iSincetheoRTEcdet'ectionandamp1ifyingsysÈemwassomewhat'
faster than the Nuclear Enterprises amplifier, a smal.L delay

] h.d to be introduced between the ORTEC amplifier and the :i.',,,

oRTEc 205 f,ast coincidence unit. A Èl¡picaL curve for the

setting of this delay is shown in FÍg.. 4.
::''

I fn parallel with the fast, coincidence unit was a ilii'l':::' '

Linear adding unit, a circuÍt diagram of which is glven in ,:.rn..
.

. Fig. 5. The large attenuatÍng resistor was required for pulses

from the NucLear Enterprises amplÍfier as these sigmal.s raere

much larger than the corresponding pulses from the ORTEC 
,

amplifier. Tt¡e diode was used to eliminat,e the negative porËion
:

of the double.delay lÍne sígnals since this port,ion creat,ed 
i

difficulties in the next amplificatj.on stage. ;

fhe ti¡ne taken for the ORTEC 205 coincidence unit.

; to give an output pulse from coíncident input pulses was 2 .0 liil:. ,

*icroseconds. and so the added n-or""" were delayed .by 2.0 micro- . -ii.'

seconds before goíng to the slow coincidence unit. 
";;':'

Tl¡e sum pulses were then ampJ.if,ied, to compensate for '

. attenuatíon in the deJ.ay J.ine, and sent to Èhe slor¡r coincidence tiil:l!!iÌ:ri ¡

via a single channel analyzer. IL¡is singie channel analyzer

set the sum Level and so the slow coincidence unj.t triggered

only u¡hen there was an eLectron-ga¡nma coj.ncidence which summed 
....,,,i

':ì,,. 
: :
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T'XGURE 4

Coincldence Counting Rate Versus

the 0-0.25 MLcrosecond

Delay Líne Setting for

Delay L,ine
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FIGURE 5

Circuít Diagram of Adding Unit
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' ì:::¡1:..':

r-r¡¡!:
l:.l i:,:: :.'

ij-a::':
':,:::,

r -::i

to a preset. value. Tt¡e 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 ehe

I ZOS post amplifier after a 3 mj.crosecond delay to alIow for

the working time of all the logic circuits-

. It. l^tas also possible to Look at the sum coincidence

pulses from the gamma detector, instead of those from the

electron detector, and this was done whilst setting up the

experiment. However, sj.nce the resolution of the pulses from

the electron detector was superior to that from the gamma

detector, the electron pulses were always analyzed in tÌ¡e sum

coincidence experiment.
.l

Settínc¡ uÞ of the Electronics

The oRTEc surface barrier detector was used at a

bias of 2OO voIts. rhe amplification gains on the 103-203

system were changed until both conversion l-ines of interesË

could be displalred' together on the analyzer. L'ow bias values

$rere set on the fast coincidence unit ãnd on the singte channel

analyzer, and r"/ith both inputs of the f,ast coincidence con-

nected to the ORTEC amplifier, the gated electron spectrum

was displayed on the 200 channef. analyzer. As exPected, thís

spectrum was the same ês Ei singlês spectrum indicatíng that the



t6

deJ.ay lines vrere of the correct length. The.lower level of

the single channel analyzer $ras then raised and the readings

.at which the electron conversion 1ines were cut off vrere noted.

fhis procedure vras then repeated for the ganuna ray

signals from.the NucLear Enterprises amplífíer, with the ex-

ception that the gain of the amplifier t/tras adJusted so that

. the ganma rays of the câscade vrere cut, off at the sarne dis-

crimínator Eettings as were thê eLectron conversion lines.
The apparatus was then reconnected as Ín Fig. 3 and

the sÍng1e channel analyzer set at a value just above that

for a síngle transitíon energy, but beto\,r that for the sum

'. energy. The 0-0.25 mícrosecond delay llne was then set for
' the maximum number of gatíng pulses from the slow coincidence

output (see FÍ9. 4). The sJ.ngle channel analyzer waE then set

at a vaLue close to the one for the cascade sum and the
' spectru¡n viewed on the 200 channel analyzer. A number of

spectra were taken at slightJ.y different single channel analyzer

settings to ensure that the spectrum did not change wÍth this
setting. lhis ensured that the correct value for the sum leveL

was being used. !'ig. 6 shows Èhe variation of sum coíncidence

areaE over a wide range of sum Levels.

om these spectra the areas under the conversion

peaks were measured and these values were used. ín equation (6)

l!¡:r.;

il:,!:.:1
Ê!iY::jì

iiii¡Ìt.
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I.IGTJRE 6

Variation in the Ratlo of Sum Coincidence Areas li[ith Sum

[evel. (the natio Shovrn is for the Àreas Under

the L36 and 265 kev Peaks for es75)

ËÈffi
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to yielil the ratios of the conversion coefficients. Hor"tever

the ratíos of the photo-peak and total absorption peak

efficiencies of the t!,ro detectors aÈ the two energies under

investigatíon had to be known. Itre efficÍencies of, the NaI

crystal were taken from the Handbuch der lhysik3) and the

efficiencíes of the electron detector viter e measured using a

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

sourceg

i:.r.

t::';,

Vle were Limited in our choice of sources by four

major consideratÍons.

1) Ìrre required a source which decayed by electron
i

capture so that there woùld be no background beta radiatíon I'l
Tt¡is radiation wouLd make background Eubtractlon of the singles l,

spectra very dÍffícult and \rrould aLso partía3.1y invalidate

equation (6). i+
':
2, conve¡slon electrons should have energieE vtlthin i.':

;.,:,

the energi range from 60 to 500 keV. the lower limit was set'

by the rapld buiLd up of pulses due to backscattering of the

electronà from the detector and thus distorting the conversion ¡#
¡:r,T

peaki the upper limít ktas Eet by the depletion depth of the

detector (see Part II). 
:

3) The transitÍon energies of the cascade shouLd

differ by about 50 keV so that the conversion lines from each i,,.:ir'.
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transitj.on could be separately resolved.

4, It was necessary to have as large an intensíty

aj possible for the cascade transitions ín order that counting

tLmes should not be longer than 2 days to get approximately

L0r000 counts ín one of the conversion peaks.

T'çr¡o sources v¡ere chosen whích satisfied these re-

qulrements and they were se75 (120 days). and sa131 (12 days)

whieh decay, by elecÈron capturè, to excited states of as75

and cs131 respectlvely. Î'he levels of es75 had been thoroughly

lnvestigated recently4'5) and hence provided us with a guide

as to !.rhether this method was feasible, whereas information

on the excited Levels of cs131 was sparse and quíte oLd6;7)

and we hoped to provide useful information.on this ísotope.

The isotopes were obtained from Oak Rídgé Nat,ional

Laboratory U.S.A. as chLorides dissoLved in concentrated hydro-

chloríc acid. Their specific activities were 7.6 mc/ml f,or

the se7 5 and O .1.5 mc,/ml f or th" ¡tI31 .

Source Preparatíon

One drop of, the radj.oactlve source solution was

dríed at the centre of â gold plated V.Y.N.S. film which was

supported on an a.Luminum planchette ríng. Details of the

preparation of thê source backing and gold plaÈing are given

. .8)in a previous thesis from this department-' .

l,:::'
¡'i
t-;
i 
t.:

Ì:ì
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&perimentaL C'hamber

A plan view of the chamber is shown in I'ig. 7. Ttre

aluminum planchette source ríngs were held verticalJ.y in the

vacuum chamber about I cm. from the soLid state electron

detector. fhe NaI garnma detector vras just outside the chamber

and viewed thê source through the hemispherical aluminum cap.

Ihe chamber was evacuated using a Balzers rotary pump and a

liquid nitrogen trap was used to condense ány oi3. vapour which

may othenrise have found its way into the chamber. This pre-

caution waE taken because the surface of the gold silicon

detector is said to be sensítive to oil vapour which may cause

a breakdown in its electrícal proþerties.

ir:,ì'i¡j:r

ii{:,.-.lr+
l-'='J:Þ¡:
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FIGURE 7

Þ<perimental Chamber
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REsuLfs Otl As75

The presently accepÈed level scheme for À"75 is
.'.,...,' sho!¡rn ín Fig. I . Thä cascades i.nvestÍgated vrere those betvreen

the 401 keV f6ys1 and the ground state.

The sum coincidence experiment $ras f,un f or períods 1,,,..,

':of20hoursandattheendofeach.runasingJ.esspectrumof
]

,il;i:,,,, pulses from the eLectron detector qras taken for 2 hours. i.:.:,,

singles and sum coincidence curves for conversion electrons

from transítions in the excited stateE of es75 are shown in .

iFÍgs. 9.and 10. Ttrere are t?¡ree cascades between the 4or kev i

.

level and the ground state but the 96 kev - 305 keV cascade 
i

idoes not appear in the sum coincidence Epectrum as the 305 kev
..1leveÌ has a lifetime of 3 nirliseconds. The other to'o cascades' ]

bet'$'eenthe40IkeV1eve].andthegroundstateares,eParatei
i:¡+'.by only J.5 keV, which is approximateJ.y equal t,o the resoLution ,:',,..

of the det,ector. Hence the tvro pairs of peaks are not fully l,':Í:,

resolved. This requíred us to strip off the t$¡o smalLer areas

from the larger ones before we courd measure theír areas. we
iï,isdid this by insísting that, the curves should be symmetrical and -'-

' l¡ave equal ¡'.W.H.M. as measured in keV.

ttre results of this work on the Levels of A"75 are

given in TêbleE 1, 2 and 3. Tab1e I gíves the ratios of the ,_

total internai con.rersion coefficients of the t$ro cascades whÍch 
,'I



wr<4,¡t

FIGI'RE 8

Decay scheme of se75+Às75. Energies gíven in keV.

(Taken from Nucl.ear Data sheets)

iiiit'.:.'f.+
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FIGURE 9

Conversion Electron Singles spectrum for As75
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FIGURE ].0

Sum Coincidence ELectron spectrum for as75
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29,:.

r.rere investigated. Our values of 5.5 I 0.6 and 4.0 I 0.3

agree well wÍthin the e>çerimental errors involvedn hrith the

other investígators 4'5). The experiments of Edwards and
ir:.'.'ir.:

Gal.3.agher and those of Grígorev and Zolotavin were done . using r':: :':l

beta ray spectrometers. I'he relatíve internal conversion

electron intensities for the 7 transitions vrhich we identified 
rir,_.,;.

lt:ir;rl
are given in TàbLe 2 . Theàe aLso sho!,r agreement wÍth the other !,': ::.'-:

electron detector ¡ and 
i.,r.-:.,
-¡:i:::irÉ:ì

iií) values of the relative efficiencies of the NaI iir,:+É

crystal. The error due to i) was reduced lo 4% ot less by re-

peatedexperiments.rheerrorinií)andiii)wasestimat'ed

to be approximately 2% f,ox each ratio. . rhis gave us a totaL 
l,._ì,j:i,ji

investigators except for the intensity .of the 136 keV con-

version line which appears to be too high.

The relative gamma ray intensities, cal.culated from

Tables L and 2 using equat,ion (7) in the theory sectíon, are
'shown ín Tab1e 3. ttrese show agreement. wlthín our rather

large errors; with the previously reported results, which have

been found by dÍrect measurement.

the errors on the values of the ratios of the con-

version coefficients accumulate from three sources:-

í) measurement of the reLative areas on rig. Lg;

ií) measurement of the relative efficiencies of the
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30

error öf about 8% for the 136 kev - 265 kev cascade (the

more íntense of the two ) and about l0% for the 121 kev -

280 keV cascade. T|ne LO% errors ín relative eLectron intensitíes

in Tabl-e 2 arise from dífficulties of background subtraction

and the more difficutt unfolding of the curves in Fig. 9. lhe

errors, ín fabLe 3, of the gamma ray intensities are the

composite sum of the other errors.
I :i.r r.:. r 

_.:

i'.¡,.,ì¡.li:t'!



REsuIJTs or',¡ cs131

The presentJ-y accepted leveL schemu for c"I31 í"

shown in Fig. J.l . The cascades investigated v¡ere 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 -
].24 keV cascade. lt¡e other caécades from thís level are down

\
in intensity by a factor of 20 times or *or.9) compared to

this cascade.

Sum coincidence spectra were taken for periods of

2O hours and at the end of eacÌ¡ run a singLes spectrum of

pulses from the electron detector vras taken for 2 hours. Singles

and sum coincidence spectra for conversion. electrons from

transÍtions in the excited states of csl3l are shown in Figs. 12

and i.3. I'j.gure 12 also contains two lines, IG276 and L+NI-276.

of ga133m which was contained as an impurity in the original

solutíon. It rt¡as found to disappear quite rapidly Ín comparison

to the c"131 Lírr"" sj.nc" 8a133^ h." " half life of 39 hours,

- 131compared to 12 days for Ba---.

It can also be seen from Figs. L2 and 13 thaÈ the

496 kev conversion l.ines appear narror¡rer than the other peaks.

This is due to the fact that the oREEc amplifier was vror kíng.

near the maximum pulse height limit and v¿aE non-l-inear in thÍE

region. It, v,/as however ascertained that the area under these

!;,rjj:::

Iì'::'':ii
i:5:: :Ji!l
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i;

FIGURE ].1

Decay schem. of 4.131'--) c"131. Energíes Given in }¡ev.

(Taken From Nuclear Data Sheets)

44rA
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FIGURE 13

Sum Coincidence Electron spêctrum for csl3l
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peaks remaíned constanÈ when the arnplification was reduced

and these peaks taken out of thÍs non-Iinear portion of the

speccrum. 
,:. .j.ri,,the results of the qrork on the excited levels of

- 131Cs--- are given in Tables 4, 5, 6 and 7. T,Ve obtaín a vaLue

of 65 I 5 for the ratio of the K.conversion coeffícients of ¡..: r:,.

i..,=i'.the 124 and 496 kev transitLons . there is no prevíous re- :'ì1ìr-: 'r'
::::.

ference to this except that of a recently publíshed paper by t ;'ii;ri
ol

KelJ.y and Horen-'. (ftis paper came to our attention after
q'e had completed our v¡ork). From the papêr by KetJ.y and Hor"n9)

we have calculated two values foÌ thiE ratÍo, one directly

from the ratio of conversion êlectron fnùensities to the ratio
of gamna ray intensities, whictr came out, to be 65 (no errors

are quoted on these measurements), the other from the ratio
lof their caLculated converslon coefficient.s which was 6O + 25. l

i ,,. ¡Ttris work of Ke11y and Horen was done using a beta ray spectro- ,'.... '

merer. i]lli;
. Thê K t,o IJ + M conversion ratios gíven Ín Tab]e 5

r^rere measured for both Eingles and sun coincídence spectra.
- "i",::rrì

These values are compared with other pubJ.ished values6' 7' 9). l:;iL:

It can be seen that, our vaLues are self consistent, and agree

with those of Ke1ly .rrd Hot.n9) except for the 216 keV transition.

It is found for this transition that there is a contributíon :

ii.":.i¡
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, TÀBTJE 6

RE&ÀTIVE K.CONVERSTON ELECTRON INTENSITTES
:i::i:-::t:

:

I TABIE 7
i

I RÛJATIVE GA¡4MJ\ RAY INTENSITIES

37

.,:::j.,.'r

Ë¡:ì:+.ij

Transition energty
(¡<ev) KeJ.Ly ánd Horen Present ltlork
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2-7 ,
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1.8 l0.r

Transítíon energry
(kev) Ke11y and Horen Presênt V¡ork

1"24
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r00
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to tÌ¡e 216 L,+M conversion peak due to K conversion from the

239 keV transÍtion and if allowance .ís made for this using

the results of KeJ.J.y and Horen then the two aets of data for

the Krlf.,+M iatíos are in agreement.

Table 6 shor,¡s the reLatÍve K conversíon électron

intensitíes compared to the only other published data and

these úalues agree except f,or the value of the conversion

electron intensíty of the 496 keV transitÍon which we have

found to be some 30% lower than that of Ke11y and Horen. Our

value for the relative garnma ray intensity as calculated from i

TabLes 4 and 6 is gj.ven ín TabLe 7. fhis also shows a dis-

crepancy of some 30% Ín the relatíve int,ensitíes of the 496

keV transitíon.

r::.,i.*

l

1 r:.:.,.,11';'
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DíEcuEEion of Part I

TÌ¡e work presented here has shor,ìtn that the sum

coincidence techníque for the determination of the ratios of
i:.i"-Íìi':;

conversign coeff icients is a very successful rnethod. In the l;','1':''

particular cases of measuremenÈs on the two isotopee described,

it ís probably one of the best presently available nêthods.

!ùe did, however, Iimit ourseLves to electron capture aources I{i;
. l":¡-rii

and to transitíon energies beth¡een l0O and 500 keV and had we .-,,.:,r,1

stepped outside these limítations to beta aôtive sources, then

the experiment would be less accuraÈe because of the difficulty

in background súbtractíon. Hohtever. they lvould theoretically

stiJ-L be capable of producing good results. Tt¡e limitations

on transLtion energ'y were set by the type of electron detector

avai.lable . i

1.,
The recent technologícal advances in the productÍon l

..''..
of solid state detectors have made it poEsible to extend the |i-:t,+

i rr: :¡l'
oþp.r "n.rgy Limit, to 2 MeV, though with some loEs in energy i iij

resolution.

i....*_ç!ii
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ABSTRÀCT

some lvork has been done usíng mono-energetic beams

of electrons seLected by a Síegbahn-s1ätís betâ ray spectro-

meter to study the variatÍon of the abEorPtLon effÍciency

of a gold sÍliion surface barrj.er detector with energy and

depletion depth. It ís shown that there is a continuous de-

crease of peak "fei.i.rr.y with increasing eLectron energy,

and that the total efficiency remains constant, close to J.00%,

for a wíde range of energíes and depletion depths. vtork was l

also carríed out to determíne the sensitivity of the electron

detector to qamma radiation.

,.,i:

i.+.]Ë

ii:1ili::¡



TNTRODUCTION

Accordíng to equation (6) on Page 6 in Part I, a

knovrledge of the peak effíciency of the gold silícon electron "'

detector is requi.redlo) for the determínation of the raÈios

of the conversion coefficients. lhis part of the Thesís con-

tains the measurernents of the efficiency of thê eLectron de-

tector together with other informatÍon concerning the detector. i,,..:]'ïl ,'

fhe peak efficiency of the detector as a funct,ion

of energy was measured in tv¡o part,s. I'irstly the totaL

efficiency, which was found to be 100% in the energy range

in whlch Í¡e \¡¡ere interested, and secondly the peak-to-total

ratio .



MEASI,¡REMENT OF TOTÃI EFFICIENCY

Slegbahn-SlËtis beta räy spectrometer tùas used to
focus mono-energetic beamE of eLect¡ons onto the detector.

The detector waE mounted on the polr: pJ.ug of the spectrometêr

in such a v¡ay Èhat it could be moved on aLl three axes so that
the positl-on of the active area of, the detector could be ad-

justed until it lay at the focal point of the .spectrometer.

lfhe beta spectra of severaL radíoactive sources

were then found using both the sol-id stat,e detector and eíther'
a geiger counter, for energies less than IO0 keV, or.a

scintillation counter for energies greater Èhan LOO keV. BoÈh

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

Particular energTl¡ ranges and so vre conpared the .count,ing rates

of the detectots at the peaks of the conversion lÍnes of the

sources. There was found to be no consistent, discrepancy at

any energiy and we assumed.the total efficiency of the Au-Sí

detector to be 100% up to 800 kev. Further, measurement of

the variation of totaL efficiency 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 surf ace baruier detector of this tl¡pe the depletion depth

is proportional to the square ¡oot of the bias voLtage).

i. j.
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Ítris change in total number of counts ie shown Ín Fig. 14

together v¡ith the peak to totaL ràtíos measured in the same

experiment" Both curves are for an Íncident eLectron energy
ì:i::'Ì:i
'.'''...''.'

of 320 kev.

Fígure 14 shows that electTons of thiE energy pro-

:i duce measurable pulses ín the detector dovrn to a bias of

about 30 volts. Tt¡is bias ís equívalent to the range of a

' ]-90 keV eLectron and we think, therefore, that the total

effÍciency of the detector at 200 volts bias wí1l remaj.n con-

atant up to incident electron energies of 7OO keV, i.e. 1.7

I times the ener gty of electrons whích are totally absorbed ín

the deÈector .

l¡i:ì:;ì.d
i;';:iÈ;+
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MEÀSUREMENT OF'PEÀK TO TOTÀ¡ RÀTIOS

The second part of the efficiency measurement, peak

to totaL ratios, v¡as carried out aLso using the beta råy
spectrometer. the sources od electrons for this experÍment

r"tu c.141 and cs134 deposíted on goJ.d plated v.y.N.s. fíLrns

as mentioned Ín part I of thís Thesis. T,he mono_energetic

beams of electrons selected by the beta rây Epectrometer and

focussed onto the surface of the detector yielded a pulse

height distribution v¡hich was displ.ayed on a 400 channel

analyzer. þpical pulse height spectraf normalized to constant
total area, f,or some Íncident electron energies are shown in
Fig. 15. I,he detector bias for these spectra was 2OO voltsc'
the same as that used in the sum coincÍdence experiments

described in Part I. giving rise to a depletion depth of 4lO

microns. Ihj.s depletÍon depth corresponds to the range of a

400 kev eLectron in silicon. Under the best operat,ing con_

ditlons full width half maxímum (F.W.H.M.) for the detector

and amplifying system was about 15 keV.

Two important characterístics may be obsèrved Ín
Fis. L5:

' í) the height of the peaks gradually decreased with
energy even ['hen the deÈêctor depletion depth was thick enough

i:¡:ì:

l::/l

ji;:
i.::
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'47to stop the.most energetíc electronE -

ií) the r¡¡idth of the total absorption peak f,or
electrons whose range exceeds the depletÍon J.ayer of the ., 

i.-.i
detector is much broadened .

T}¡e firsÈ point is due to the fact tåat at higher
incident energÍes the more is the number of electrons scattered
out of the detector and hence the reduct,ion ín the nuñber of
electrons in the totaL absorr¡tion peak. Figrure 16 shovrs the
rat,io of the area under the tola1 absorption peak to the tot,al
area as determíned from the curves in Fig. 15. Tfre peak to
total ratio .is seen to vary only slightly for êlectrons in the
energy range J.50 to 400 kev and to farl off sharply for electrons
of energy greater than 400 keV. Às mentioned previously,
electrons of energy 400 keV have a range in silicon equal to
the depletÍon depth of the det,ector at a bias of, 2OO volts.
Tt¡e widening of the total absorption peak at energÍes above

400 keV is due to the escape of a number of the scattered
electrons out of the detectorr lhe values of F.trI.H.M. and

peak to total ratios at various j.ncj.dent energies are given

in TabLe I.
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FIGT'RE 16

Peak to Total Ratio as a Function of Incident Erergy
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SOME MEASUREMENES AT THIN DEPI,ETION ÐEPTHS

We also investígateä the pulse height spectrum.

produced in the detector by mono-energetic electrons.q¡hen moEt

of them were passing through the det,ector. Since we had no

intense source of high energy eLectrons, energies greater than

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

that it corresponded to the range of a 2OO kev electron. vÍe

did this by reducíng the bÍas volgage to 50 votts. A set of

puLse height spectra produced in the detector by mono-energetic

beams of electrons, normalized to constant area, Ís shown in

Fig. 17. At energies above 3O0 keV most eLectrons passed

through the detect,or and deposited onJ.y a slnall fraction of

their energy: Consequently, a broad secondary peak appeared

at a lower energry. ltre position of thj.s peak moved to the left

aE the energy of the incident beam lncreased Índicat,ing that

the energy for minimum ionizat,íon, about 600 keV,,had not yet

been reached.

It, r,rraE aLso noticed that the F.W.H.M. for the peaks

corresponding to incident, electrons whose range exceeds the

depletíon layer of the detector is much broadened. Figures

for this are given in Table I together with similar infor¡natLon

for detector biases of 200 volts and 20 vo1ts.
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It was aLso noticed as shown ín FÍg. lZ that the
number of smalt puLseE (correspondíng to a detected energãa

of 30 to ?0 kev) Lncreased guite rapídJ.y as the nuniber of
electrons traversing the deÈector íncreased. Ihis is shown

more cLearJ.y ín Fig. 18 where the energy scale haE been con-

siderabJ.y expanded. !he upper curves show the Low energy

part of the spectrum f,or energíes whÍch are totally absorbed

in the detector. Ehe low energy ,eJ.þow' of these curves

appears to be at approxímately the sâme energy fo¡ aIl three
incident energies. This is not Èrue for the curves shown ín
the lo$/er part of Fig. 18. rn this set of curves the inc¿dent,

energy of the eLectrons v¡as sufficíently high so that most of
the electrons passed through the detector. . Ihé eause of this
shift is not fully understood although we think it Ís probably

due to the combíned effect of backscatterÍng from the surface

and the shif,tlng and risÍng of the row.energy broad secondary

peak with increasing energty. It Ls not due to noise and is
unlikeJ.y to be pulses from electrons whích have passed through

the detector bêcause the probabi].ity of these electrons leaving
a pulse smalLer than those in the broad transmission peak is
very slight.
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GA¡4MA RÀY SENSIIIVIT]

One of the propertÍes of this detector. as can be

seen from Fig. 15, is the èssential.ly unif,orm backgr'ound pro- 
;.,.t'

duced by beams of mono-energetic electrons. This means, that

for elements decaying by electron caPture, background sub-

traction for a convêrsion electron spectrum is a relatively

simple and àccurate manipulation. ÍL¡is would not be the case

if the number of pulses from the detector due to Compton in-

teract,ions with gamma rays became a significant part of Èhe

spectrum. This is shown in Fig. 19 showing the pulse height

spectrum produced by cr51. This specÈrum was t'aken in the ex-

perimental chamber not in the beta ray spectromet'er. The large

area on the left is due to comPton interacËions with the 323

kev gaÍuna ray \,rhiLst the peak on the right is from the êon-

version elecÈrons of this transition. Ttxe gamma interact,ions

are visible here onLy because the conversion coefficient of

this transition is very sma1l, .0015, and the number of gamma

rays striking the detector is 700 times the number of-electrons '

E'rom this the smalleEt conversion coefficient which can be

measured htithout having to make a correction for this effect

' has been estimated to be .005.

compton scattering of, gamma rays has also been ob-
. i::

served when.positrons v¡ere fj.red into the det-ector by the beta ii:

å{
t+'- 11
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.56
ray spêctrometer. In this case there is a hígh energy tail

on the positron spectrum due to Compton scatterÍng of the

.SLL MeV annihilatlon. garnma ray. This is shown in Fig. 20.

I?ris figrure shows the pulse height spectrum produced for two

different íncident posítron energíes. The energy dífference

between the peak and the edge of the taíl Ís approxírnately

constant at 325 keV, the maximum energry of a Compton electron

scattered by a .511 MeV annihilation gamma ray.
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Díscussíon of Part II

Íhe situatíon with regard to the use of silicon sur-

face barrier diodes for eLectron. or poEitron, detection, as

shovrn in thís work, is that except f or very 1ow energy electrona , 'ttìi:i''

thepeakefficiencyofthedet'ectorÍsnevergreaterthan7O%

mainly because of backscattering out of the detect,or. It also : ::

,,;;,l:showsthatthereísacont'ínuousdecreaseoftot,a1absorption
lil,,..l'peak efficiency wíth energy. Ihís is not in agreement with the :,,,..i

work of McKenzie and Ewanll), who found that this remained

constant up to 350 keV. (At this energry the electrons had a

rânge equal to the depletion depth of the¿r det,ecËor).

Although the detector responEe is linearlO), th" p"a}<

efficiency for electrons which are abJ.e to penetrate the de-

tector depletion depÈ,h decreases sharply and the F.W.H.M. of

the peaks 'is broadened by about 30%. AIso the lovr energl¡ tail

of the spectrum ís distorted by backscattering and this sets

a lower timit on the energies of electron conversíon lines, in " ':'''

this case about 60 keV, below which there wouLd be considerable

distortion of these peaks.
i;!=-.:t
l:i;:¡,+-r-ì;

',,,:,,:':



REFERENCES

1. S. K. Sen: Seminar, Physícs Dept., Universíty of Manitoba
November L961.

2. S. K. Sen and B. G. Hogg: Nuclear Instruments and Methods
ts (1962) 209.

3. ¡{. E. Mott and R. B. Sutton: Nuclear Instrumentation II,
Handbuch der Physik Volume ¡(LV (1958).

4. Vg. F. Ed!ìrards and C. df . GalLagher: Nuclear Physícs 26
(.¿96L) 649.

5. E. P. Grj.gorev and A. V. zolotavÍn¡ Nuclear Physics J¡!(t9s9) 443.

6. iI. M. Cork, ,f . M. LeBlanc, W. H. Nester and M. K. Brice:
Phys. Rev. 91 (1953) 26.

7 . M. !ìI. ELi.iott, L. S. Cheng, J. R. Haskíns and J. Ð.
Kurbatov: Phys. Rev. 88 (1952) 263.

8. W. J. Keelers M.sc. Thesis University of Manj.toba (1964r.

g. lf. H. Kelty and D. J. Horens NucLear Physics ¡!f (1963)
4s4.

10. S. K. Sen: Nuclear Instruments and Methods 21_ U9641 74.

Ll . ,t. M. McKenzie and G. T. E\¿an: I.R.E. Transactj.ons on
Nuclear Science NS-8 (1961) 50.


