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ABSTRACT

The work described in this thesis has been carried 
out independently by the author under the supervision of 
Professor H. 0, W. Richardson. A brief introduction on 
the scope of p*" y ray spectroscopy is given in Chapter I. 
Chapter II deals with the modification of the detecting 
systems of the prolate spheroidal field p-ray spectrometer 
(large spectrometer) and the medium size magnetic lens 
spectrometer (small spectrometer). The "Venetian blind"
E M I  photomultipliers previously used in both the spectro
meters have been replaced by ^6 AVI-' photomultipliers and 
fast electronics using avalanche discriminator circuits.
The ÎTE 102 phosphors were replaced by the fast ÎTE 104- scin
tillators. A further improvement in the large spectrometer 
was made by replacing the conical phosphor and a straight 
light guide by an equiangular spiral light guide.
Chapter IV describes the preparation of p-sources. An 
improved technique using the electrospraying method has 
been applied in the preparation of Th B and ^^^Be sources.
The e” - e" coincidence measurements of ^^^Ce using the 
two spectrometers have been described in Chapter VI,
But the most important and original contribution of this 
thesis is the e" - y coincidence measurements of ^'^Ce using 
the large spectrometer and a Go(Li) A-ray detector in con
junction. The - y coincidence measurements have been 
described in Chapter VI, Very possibly a magnetic spectrometer 
and a Ge(Li) A-ray detector have been used for the first

/ time
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tinein these e“ - y coincidence measurements on ^"^Ce.
The single y-ray spectra of ^"^Ce measured with the 5 cc 
Ge(Li) detector and with X-ray detector are also described 
in this chapter. The use of a Ge(Li) X-ray detector in the 
e“ - y coincidence measurements of has made it
possible to solve the ambiguities in the literature con
cerning some low energy transitions and in the placing 
of the upper excited level in The results can be
taken as the most reliable ones obtained so far. Our 
results agree best with Geiger et al (1960,61).

Chapter VII describes some Pal (Tl)/Ge(Li) y - y
207coincidence measurements of ^Bi and it is possible that

207these are the first measurements on Bi with this
type of equipment.
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0 L A R T E R  I

Introduction on tho Gcoy)e of B-y ray siTectroscoyy

The discovery of radioactivity by Bequerel (1896) 
lias been the source of r.iucli infornation on nuclear and 
atonic structure. Though, the discovery of radioactive 
rays occurred long before, nuclear spectroscopy started 
actually after 1911o Chadwick (1914) discovered the 
continuous distribution of electrons which fern the nain 
portion of the [3-spectruri and they alone could be identified 
as disintegration electrons, whereas Von Bayer, hahn and 
Meitner (1911,12) discovered the presence of definite 
energy lines in tho p-spectrun Imovni as conversion lines. . 
Tho analysis of internal conversion in p-ray spectra of 
tho natural radioactive elenents was riade for the first 
p in e  by Von bayer and hahn (1910) using a non focusing 
magnetic spectrometer. Chadwick (1914) used in his oxper- 
nent an improved form of magnetic spectrometer with a 
particle counter. In the course of development in ex%;eri- 
nental techniques, P“ - o~, e~ - e", - Y , Y - e“, and
Y - Y coincidence experiments have been carried out by 
many workers in the study of decay schemes of isotopes.
The present work is concerned with studies of the cascade 
nature of y - rays in the decay of ^"^Ce and ^^^Bi isotopes, 
by observing conversion electron spectra, y-ray spectra and 
making e~ - e~, e“ - y and y - y coincidence measurements,
A prolate spheroidal field P-ray spectrometer and a 
magnetic lens spectrometer were used in e"’ - e~ coincidence 
experiments wherecic a Ge(Li) X-ray detector was used in

/conjunction
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conjunction with tho large spectroneter in e ~ Y coincidence
207neasurer.ents. The Y “ Y coincidence rieasurenents on Bi 

were carried out with a 5 cc. Ge(Li) detector and a ITal(Tl) 
counter. An inproved technique of electrospraying method has 

been api^lied in the preparation of the thin uniform P sources.

The Prolate spheroidal field p-ray spectroneter

The focusing properties of prolate spheroidal magnetic 
field were investigated theoretically by Pichardson 
-hhOPh, (1940), his computational analysis shows that the 
rays with emission angle of nearly 80° possess two focal 
.‘iings, one of then near the equatorial region and the other 
close to the axis. The particle focusing properties of 
the prolate spheroidal field p-ray spectrometer was 
further studied by Michelson and hichardson (1963)• A 
description of the spectrometer appears in the paper by 
Evans et a.1 (1958), Gone further modifications have been 
described by MicheIson, Do (1961), and its automation by 
French, G , (1966), n detailed drawing of the unmodified 
largo spectrometer (Evans et al, 1958) is shown in Fig. 1 *1 .
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The Snail Spectrometer

It is a nediuTi size magnetic lens spectrometer.
The source and the detector are placed 28" apart 
outside the magnetic field which make it suitable for 
coincidence measurements. A non-uniform magnetic field 
is produced by passing current through the coils. The 
slit opening is varied by a rotating screw which operates 
a gear and chain drive. Michelson (1961) described the 
baffle system and gave detailed diagram of the spectro
meters arranged for e~ - e“ coincidence measurements.
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C H A P T E R  II

Modification of the detecting system of spectrometers
In the previous detecting' systems of the spectrometers, 

EMI 9514P photomultiplier, ITE 102 plastic scintillator were 
used hy Freeman (1930) and Evans (1958) in their p-y 
coincidence experiment and by Michelson, D.(l96l) and 
French,S. (1966) in their p" - p~ coincidence experiment.
It was decided to improve the timin;; resolution of the 
coincidence system by using a fast photomultiplier, a fast 
scintillator and fast discriminator for both the spectro
meters. This chapter describes the modifications in the 
detecting system of the large and the small spectrometers. 
The large spectrometers

The previous detecting system of the large spectrometer 
was replaced by a new li,;ht :niide, ITE 104 plastic scintilla
tor, 56 AVP photomultiplier and avalanche discriminator. In 
place of MgO, a special type of reflector ITT 560 has been 
used. Tho Nuclear Enterprise maker claims that ITE 560 has 
efficiency nearly 15% over the packed IfgO. Tv;o types of 
light guide were tested, one was a straight light ,:uide as 
used before and the other was an equiaipgular spiral light 
guide. From comparative studies of their pulse height 
spectra, the equiangular spiral light guide was found to 
have a better performance than the straight one. Descrip
tions of the ITE 104, ITE 560, machining and polishing of the 
light guides and the phosphors are given below.

ITE 104; It has a very short decay time (■'̂ ’1,9 ns), 
shortest of any commercially available plastic scintillator

/haviriig
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havin.g light output approximately 65% relative to anthra
cene. The wavelength of maximum emission is 4O5O Au.

(b) ITE 560:- The ITE 560 is a special kind, of reflector which 
adheres to the plastic phosphor and is resistant to mechani
cal shock. It consists of a special grade of Titanium-di- 
oxide selected for its hi;lier reflectivity.

(c) Machining and polishing of phosphor and light guide
While machining the phosphor on lathe it is essential 

to talce care of minimum sur face-heating and minimum tension 
in order to avoid the appearance of cracking after finish
ing. Therefore the phosphor is lightly clamped using a 
suitable soft material to spread the pressure over a large 
area. Kaclisaw with soapy water was used for cutting the 
phosphor. While drilling in the lathe, soapy water was 
used as a coolant. The scintillator was turned on a regular 
metal cutting lathe, preventing vibrations by controlling 
the speeds. Turning: lines were removed by hand rubbing at 
right angles and using 506 grade silico%^ carbide waterproof 
polishing paper with soapy water. Final polishing was done 
with I.e.I, perspex polish ITo.l followed by ITo.2A on a fine 
grade cotton-wool. Similar procedures were adopted in 
cutting;; and polishing the light guide. In order to get rid 
of any greasy substance, both the light guide and the phos
phor were washed in a soapy water and then in running tap 
water. They were dried with cotton-wool.

(d) Ring type conical phosphor
The reason for using a special type of conical shape 

of phosphor was to improve the light collection efficiency. 
This shape was used previously by Evans (1958) and Freeman

/ ( 1960).
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(I960), They used a packed Mr;0 powder as a reflecting 
substance while in present experiment coatings of HE 560 
paste were used to get light reflections* The pastewas 
at first diluted with distilled water in the ratio 1 :1 0  

and then stirred well with a wooden stick. A thin layer 
was deposited on inside the cone of the phosphor, a second 
coating was made when the former was dried. Eight such 
coatings were sufficient for a good reflection. The light 
guide with conical shaped phosphor is shown in .■ Fig. 2,IB 
The phosphor is screwed on to a 5/4-" perspex light guide 
and an optical contact is achieved with a silicone fluid.
The light [guide passes tlirough a brass tube and is optically 
coupled on to the 56 AVP photomultiplier. The photomulti
plier is mounted on a spring base. An 0-ring vacuum seal 
is used between the light [glide and the brass flange. The 
photomultiplier base stands on a black thick rubber flange 
compressed against another brass flange, Tliis is done in 
order to achieve light-tightness of the photomultiplier 
can. The details of the 13-counter with straifdat light 
guide and 56 AVÎ  photomultiplier are shown in Fig. 2.1A 
The photocathode of 56 AVP photomultiplier is the most mag
netically sensitive region for the electrons, therefore the 
photomultiplier as well as a portion ( 2") of the light
guide were surrounded by two coaxial p-metal tubes. The 
purpose of using p-metal is to shield the photomultiplier 
from magnetic fields of the surroundings.

The 56 AVP photomultiplier circuit is shown in 
Fig.2,5.
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-7-Ce') Equiangular spiral li-ht :;:uide
Various nothocls have Leon adopted by different workers 

to in%)rove li.pht collection efficiency. Gorlioln (1955) in 
his e” - e~ coincidence ex%;erinent used a lucite li;;’ht 
guide nachined to a certain profile in order to get a uaxi- 
nuri light collection. An efficiency of nearly G0% was 
reported by hin for tho total guide of len:cth 22.5 on.
Tove, P.A. et al (1956) used two different liinds of light 
ipnide (1) a sinple logritlinic spiral wit̂ ' an input diameter 
of 14- riri and 21 nn long and (2) the other based on Gerholn 
light guide* both these were reported to have collected 
all the light coning across the input surface.

Following an exponential decrease in transmitted light, 
they found a transmission of 45/5 of light over a path 
length of 1 meter .guide pipe (plexiglass).

An equiangular spiral light guide 12 5/®" long and 
4/5" in diameter made of perspex (p = 1.49), designed by
II.O,V. Richardson has been used in the large spectrometer 
throughout the experiment. The head of the li'hit guide 
is shaped in order to get total reflections from the sur
face, The idea is to get a maximum light collection effi
ciency combined with a minimum diameter to the light guide. 
The advantage of using the minimum diameter of the light 
guide is to get the light concentrations on to the most 
sensitive part of the photocathode and also the transit 
time variations of the photoelectron path lengths become 
smaller, A detailed diagram of the equiangular spiral 
light -piide is given in ' Fig,2,2B. The ITE 104 phosphor
(1 cm X 1 cm) is cemented on the spiral head of the light

/guide
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guide with a special optical cenent HE ^ 8 0 , Care was taken 
to keep the phosphor at the centre of the head and renove 
all air bubbles from the interspace, if any.

2. 56ÀVP Photonuloiplier
iTuclear particle detection requires usually a good energy 

resolution as well as a high detection efficiency. A high 
tine-resolution is essential in fast coincidence experinents 
and in lifo-tine noasurenents which require a fast scinti
llator, a fast photonultiplier and a fast discriminator.
The ^6 AVl̂  photomultipliers were used in both the spectro
meters. They are very fast photomultipliers, having anode 
rise time 2 ns, low dark current and a high gain. Their 
characteristics with voltage divider A as given by Phillips 
are listed below

Supply voltage for gain 10^
Average 2.2 kV
M.aximun 2.5 kV

Park current at gain 10^ (measured at 25°c)
Average 0.5 |iA
Maximum 5.0
Anode Pulse rise time at 2.5 kV = 2 ns

Transit time difference between the centre of the 
photocathode and the edge at 2.5 kV is 0.5 ns.

B'ePettc’fiiet al (1963) have studied in detail the effect on 
the gain and linearity of 56 A VP of variations in inter- 
dynode voltages. Ilynan et al (1964) have given the

/technique
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technique of optimising the pulse shape and linearity of 
the 56 A VP. Theyused a snail 50-'̂ "̂ - Subninax co-æcial 
connector on the anode and unused T)in and found the full 
width at half naxiraun (P.W, li, M,) of anode pulse as 2 ns 
for infinitely short l:h;ht pulses. In our present photo
nultiplier éircuifc^ 20JL damping resistors were used in the 
anode and the last dynode in order to avoid rinpiny. A 
100 .̂  ̂anode load resistor was used which matched with the 
transmission line (impedance lOO-TL).

The theoretical calculations of Wahab and Ilane (1962) 
indicate that the major tine spread originates in the region 
between the scintillator and the first dynode. The 
recommended circuit No,A by Phillips was modified to suit 
the requirements. The current flowinr; tlirouiph the poten
tial divider chain was nearly 1,25 nA, The voltage between 
the cathode and the first dynode is three times that of the 
voltage per stage in order to get a better collection effi
ciency, The focusing variable voltages Vd^ - dg, Vd^ - d^ 
and Vg^ ” are those recommended by Phillips. They act as 
a fine and coarse control respectively. These controls are 
adjusted for a maximum anode output. Energy signals are 
taken from the 10th dynode with lOO-A^load resistor. As 
mentioned previously, the anode load is also kept 1 0 0-^ 
in order to match the transmission cable and damping 
resistors of 20fl.. were used in the anode and 14th dynode 
in order to avoid ringing. The E.W'.H.M. of the anode out
put pulse is ns ^Eig.2.4n)
The anode pulses are similar to those found by Hyman et alX 1964)

/In
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In order to avoid elecuric-iield disturbances in the electron- 
optical sysfceri, the external conductive coo.tin; li (^in ITo*
18) is connected to the cathode ]_)Otentio.l which is earthed.
The last starves of the tube are decoupled by ne-ins of 
capacitors in order to avoid serious volt aye dro]) across 
the dynodes. The reason for usiny a 1 0 0 anode load 
resistor is that the tube is capable of producing a very 
hi:;;h peah current nearly lA and therefore the output tine 
constant nust be very snail. T]ie voltape divider circuit 
with avalanche discrininator and cathode follower is 
shown in Fiy. 2.3. Fi:;. 2.2A shows the equiangular
spiral liyht ppiide with N2 104 plastic scintillator and 
56 ATP photonultiplier for the larye spectroneter.

3. Comparative studies of the strai'^ht and equiaipyalar light 
:uides.

The comparative studies of these two liyht yuides were 
done by studying the pulse-heiyht spectra of sone of the 
conversion lines of ^^^Ce with the large spectroneter. The 
detector with each li ;ht ..guide in turn was set on the naxi- 
nui.i p-ray counting by plotting the axial distribution of 
p-rays intensity near the detector ^Chapter III,Sec.^ Pulses 
from the 10th dynode were fed through cathode follower and 
phase inverter into the I.O.L, wide band anplifier, the 
output of which was displayed over the Intertechnique 400 
multichannel analyser. The pulse height spectra taken with 
the two li^ht -guides under the sane conditions are shown in Fig.

2 .5,A,B,C,D,Ep^.The signal to noise ratios in each case are 
listed in table 2.1. On conparin; the signal to noise

/ratio
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ratio, the performance of the equiangular light raiide 
was found superior to that of the straight light guide, 
lienee the equiangular light ;;uido was retained in the large- 
spectroneter throughout the experiment.

Table 2.1

‘
1 . ,

Straight li. ;ht
guide

Equiangular
guide

light j

j Energy
1 in hevi 91 38.12 91 38.12 2G.73

signal*
noise
!

9:1 7:1 13:1 8:1 6.5:1
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4. Modification of the detection gysten of the snail spectroneter

The detector of the S'lall spectroneter was nodified by
inserting a new phosphor ÏIS1C4 , a new li; ;ht ;uide, and usin. :
a 56 iMfd photonultiplier (Pip, 2,6). The p'losphor ITS 104
(1^" dianetor and 1/8" thicjc) was cononted with ITS 560
cenent on to a polished surface of the perspex li. ;ht puide
(diameter 1 3/4", lenpth 8 5/16"). The photonultiplier
and a portion of tlie li:4ot puide ( p") were surropnnded by
two coaxial p-netal tubes. The photonultiplier circuit is
the sane as in the case of lar.pe spectroneter. The enerpy
sipnal is taken fron the 10th dynode. An increase in the

144pulse voltape of the 91 keV conversion line of Oe over 
that t.aleen with the lar,;e spoctroner suppests the preater 
optical transmission of detector in the snail spectrometer.
T]\e sipnal to noise ratio for the 91 keV line in the larpe 
spectroneter was 15:1 whereas in the snail spectroneter it 
was 15:1 (Fi.n.2.5k).

5. Cathode follower and phase inverter
The circuit diaprans for cathode follower and phase 

inverter are shown in • Fi;;. 2.5. They are the sane
as used by Freeman (i960).
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C h A P T f k III

1 . Electronic G for o" - e~ coincidence oxiierimont

(a) Aval an cl 10 di scri linator :
dtandirdis ition of fast pulses of different energies 

is desirable wliere timinp selection and fast coincidence is 
required. vivalanche tr..insistons are readily used in fast- 
discriiiinator circuits, as t'ioy produce a very fast and biy 
pulse at ’ very low current. Freenan (i960) Pvans (1958) 
and Pichclson (1961) used 6 AiS valve liniters in their fast 
coincidence channels, whereas French, o. (1966) used AGZ25 
aval an Clio transistors in discrininator and in adder 
circuits, Pennee, ÏÏ.W’. (1968) prefers Fairchild Silicon 
211914- transistor in life tine measurement experinents 
because of its superior rise tine, laryo siynal output and 
better reliability. The 21T914- avalanche transistor has 
been used in fast discrininator circuits throujhout^ 
o’" - e"~, - Y and y - Y coincidence experiments^ The
avalanche discrininator circuit (Fin. 2.5 ) based on the 
desi; y I by bennee with sone adjustment.

The base is yrounded to earth by lOO^'L resistor. Fias 
is applied on to emitter throudi resistors Re, Re' and de
coupling capacitors Cd - cd' Output is taken from the 
collector via a variable capacitor C, The amplitude and 
time constant were adjusted to desired values by varyiny; 
the value of C and keepiny; load resistor RL' constant. The 
vdduae of load resistor RL was kept 100-^ in order to match

/the
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inpedance of transmission line. The use of inductance of 
5 nil in thci power supply line and the bias line is to 
protect power supply and other units aaainst the reflected 
avalanche pulses. The anode output is inverted by a trans
former and a positive tri ; ;er pulse is applied on to the 
base of tiie tra.nsister 2IT914. din: ;in;: in the output pulse 
is reduced by makin • the connection leads as short as 
possible. The avalanche out ; ait pulse is shown in Fi^,2,4d, 

The whole circuit is kept in a copper box, grounded 
to earth. The connecting lead froa .node to the base of 
transistor is made as short as possible. The bias on the 
emitter is adjusted to cut off the noise level. The 
circuit can tripper input down to 0 .1 volt.They produce very 
fast standard out]:)ut pulse of .d.W.II.MSns,

rm^ast coincidence unit
A liarwell 20559 typpe fast coincidence unit was used 

throughout the coincidence experiments. This is a tran
sistorised multichannel coincidence unit havinr: 4-coinci
dence input channels and 2 anticoincidence input channels.
The minimuju coincidence resolvinj time as claimed by the 
manufacturer is 2ns. The output pulse from the avalanche 
discriminator satisfies the input requirements of the 
coincidence unit. Three P 2 T sockets are associated with 
each channel, two of them are internally connected in 
parallel - one is called IIIPUT and the other is called 
TERMINATE. The "TEE^MmiTE" is terminated with a 100-/'L 
termination plup. The third socket marked as "Clipping

/line
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line” is terninatod with an extra length of coaxial cable 
which deterriines the coincidence resolving tine. The 
particular channel is switched off when the coaxial cable 
is taken out. The unit provides two types of standard out 
pulses (see Planual AE55 ('-0 11078), one a fast narrow 
negative pulse and the other a slow pulse of -7V anplitude 
and k V/ h li = 0.5 p.s. The slow output is used to derive 
the I'-arwell t̂ /î e 20190 fast scaler.

(c) plow coincidence unit

The slow coincidence unit used in y - y coincidence 
experinent was a Harwell 2013 type. The unit consists of 
two channels, one a coincidence and the other an anti- 
coincidence. It is provided with input anx^litude discri
minator controls (Disc "A” and Disc ”b”), delay range 
switch "A” and ”D” and a resolving time range selector.
The two discrininator controls provide a continuously 
variable threshold level of +1.5 V to 11.5 volt. It 
rejects the negative going pulse provided the overshoot 
does not exceed 1.5 volt. It also accepts a negative 
going pulse up to 1 .5 volt and rejects the positive going 
overshoot not exceeding 1.5 volt. Standard negative 
output pulse is produced at the three sockets (i) scaler A 
(ii) scaler b and (iii) coincident or anti-coincident output,

2. Adjustment of the large spectrometer
The axial distributions of p-ray intensity near the end 

of the phosphor were plotted (Dig. 3«1) when the large 
spectrometer's current was focused on the peak of 91 kev

/conversion
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conversion line of ^"^Ge and. 148 keV conversion line of 
Thij, The axial position of the detector was set for 
the naxinnn counting rate of p-particles.

3. Conversion lines of Thh and calibration of spectrometers.
;joth the larp'o and snail spectrometers were calibrated 

with conversion lines of a Th.h source. The slit openinp 
of the larpe spectroneter was kept narrow and transmission

4% of 4tu. Conversion line spectra of Th.B source are 
shown in fi:;. 3 .2 8 3.3 . Resolution for Th .B - P line
with 5 deposit on a metallic screw head was 0.8%.

The Th.B conversion line spectra taken with small 
spectrometer with wide slit opening are shown in the Pip.3.4A. 

and the resolution for Th.B P line was 3^*

4. Test of the spectrometers usin# pulse heipht analysis

Pulse height spectra of different conversion lines 
taken on both the spectrometers are shown in Pig. 2 ,5 .
The transmission of the large spectrometer was found 1.6 
times that of the small spectrometer.
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&. rieasurGiiQnt of the transmission of larpe-spectronater

'I'lio transmission is expressed as the ratio of counting 
rate at tiie peak of Th.B - F lino to tJio total P lino 
intensity, Tlie Bendix Ericsson t%io 1320D a counter

pwas masked with. ,. In-id to represent 1 cn " aperture aiil th.e 
source was placed at a distance of 2 .4  cns fron the 
counter. The solid an, :le d ./ L subtended ad the source lay 
t̂ u; aperture was calculated ana the a-particles emit ted 
in the solid angle by the d.mghter nuclei (Th O' -h c ’) 
were counted after allowing a sufficient tine ( - 21 hr s.)
to elapse so that the Th (G + C') lie in equilibrium with
its parent Th.k. Thus the total a-particles collected in 
solid angle of 4% was measured. The disintegration rate 
was calculated by multiplying the decay constant

^dVvC ^  by a counting rate Na

which is equal to ITd. f

(1)

The P line intensity ;â r disintegration is •'-'-0,3 (Martin 
and Richardson) (2)
Pron (l) and (2) tjio P line intensity was determined. The 
counting rate of Th.B - P line was corrected for decay.
The transmission thus measured was •■'•̂4-% of 4% and resolution 
0.8%

= 0.9a
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, 7. Magnet power supplies for large an I small spectrometers.
Current in the large spectroneter was supplied by the 

newport Instrument tjp.'O G223. fifteen large capacity • 
accumulators were used to su,/ply nagnetising current in 
snail spectrometer. Details e c resistors are given by 
french, G. (1966). Currents in botli laiy;e and snail 
spectrometers were measure 1 with Tinsley potentiometer, 
type 4363d across a standard resistor.
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G h A T B R I V  

'reparation of g - source,
1 . Introduction

In the stU'.ly of low energy 3-̂ .articles it is essential to 
keep the thickness of the source and backing as thin as poss
ible. hus'i.illy two important ioints have to be taken into 
consideration ; firstly to reduce the absorption of p-rays in 
the sample, and secondly to avoid back scattering from the 
backing. The back scattering causes increase in low energy 
electrons whereas the thick source reduces the p-ray energy. 
Those two effects produce distortion in the p-spectruii.

2 ,. Premnrration of thin films
Vnile preparing the thin fiIn, the following considera

tions have to be taken into account: the filn shoulfi have 
uniform thickness, good tensile strength, good lasting 
properties, low composite atonic number in order to avoid
back: scattering, and high resistance to chemical reagents.

oAlruiiniun film as thin as IpO \x gn/cik could be obtained 
but it is thicJzer than plastic filn. Gone authors have 
used films of nylon and formvar. Pate and Yaffe (1962) 
suggests a better organic material VYNS resin which consists 
of polyvinylchloride acetate copolymer. This resin was 
chosen for preparing the thin film. A mixture of one part 
of resin in 9 parts of cyclohexanone by weight was prepared, 
u wooden scale was placed at one end of the sink filled with 

. water. A few drops of TIT .3 solution were pipetted along 
between the scale and the wall of the sink. ' The wooden

/scale
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scale was released and the solution was allowed to e:quni 
over the entire area of the siTih. The films were then 
lifted by a wire frame. Uniformity and. thickness of the 
film depends on the speed with w^hich the barrier is moved 
and on the quantity of solution. T]ie film was fixed on an 
aluminium ring for experiments.

(a) deposition of Aluminium layer on the thin film
Rendering the film conducting is essential otherwise 

it will distort the electric field by acting as an insula
tor. If the film were not conducting, it may build up a 
charge due to emission of charged particles from the radio
active deposit on the thin filn and thereby changing the
velocity of the electrons, A shift in the p-spectrum of 
1 anCe for the 58.12 keV line was found towards the low 
energy by as much as 16 keV when insufficient quantity of 
A1 was deposited on the '.ddf.d resin film. The film can be 
painted with aquadag, but because of its large size grains, 
a thin layer can not be expected. The strong dependence of 
bac]{ scattering on the atomic number necessitates the baclcing 
to be made of low atomic number. Organic compounds and alu
minium are, therefore, most suitable for backing purposes.
The Edward coating unit (type 12E 115) has been used for 
depositing an aluminium layer on the thin film. A few 
snail pieces of aluminiuri were hung on the tungsten wire of 
diameter 0.5 imn across the filament terminals. The Al-ring 
supporting the filn was placed on a mica sheet having a cir
cular hole, at a distance of 16 eras above the filament coil, 
in order to protect the film from overheating. A current

/of
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of 15 -̂ Vipere was v^assed through the filar eut coil for about 
two niiiutes, while the pressure inside the chauber was 10"'̂  
nu 1%. rough estination of thickness of aluniniun deposit 
could be nade by observing the change in colour of the filn.

(b) rieasurcnent of filn thickness
There are laainly three nethods of measuring filn thicj:-

ness
(i) Gravinetric (ii) optical and (iii) absorption of a- 
radiation. The absorption of a-particle technique was de
scribed by french, 2. (1965) while neasuring filn thickness. 
The same technique has been applied in this work, 
isoto^)e was used as sin a-source. The c:-counting rate for 
different distances between the source and counter was 
recorded when the filn was interposed and also when it was 
not there. The results were plotted in Fig. 4.1.

The thickness in jagri/cn was calculated by multiplying
the air equivalent d by the density of air. The nininun

2filn thickness used in the experinent has been 2^/p.gn/cn •

3. Source preparation
As mentioned in the previous section of this chapter, 

the preparation of thin uniform sources on thin backing is 
essential in studies of low energy p-rays. Several 
nethods, e.g. evaporation of a solution under an infra red 
lamp, vacuum evaporation, electroplating and electrospraying 
methods have been suggested by Yaffe (1962). Evaporation 
of solution under an infra red lamp produces a non-uniform 
deposit. The material concentrates in large crystals and

/forms



forms a ring shaped deposit at the periphery of the drop. 
Uniformity can be achieved by adding insulin, colloidal 
silica or cupric ferro cyanide to the drop before evapora
tion but they add to the source thickness. Electroplating 
technique produces a uniform thin source but is limited to 
certain materials. The electrospraying method has been 
found more successful in preparing [3- source. The advantage 
of this technique is that the loss of solute is small and 
thin substrates do not become overheated.

4. Electros', raying method .

The electrospraying method was first proposed by 
Carswell and Misted (1957) • In this technique the material 
to be sprayed is dissolved in an organic liquid and then kept 
in a glass tube drawn to a capillary at one end. The anode 
connected to a high voltage supply is immersed into the 
liquid. The foil on which the liquid is to be sprayed is 
connected to the cathode. On applying a suitable voltage 
the liquid is forced out of the tube and dispersed in fine 
droplets over the film. Brunix and hudstarn (1951) used 
this technique and investigated a number of variables. 
Verdingh and Bauer (1955,54,57) ..refer hypodermic needle 
connected to the glass container which allowed a constant 
flow rate, kichelson and Richardson (1952) used a 
straight glass capillary for malting p- soijrces. The 
disadvantage of using a straight capillary tube is that a 
constant flow rate of liquid cannot be maintained.
Recently kichelson (1958) has found a pyrex capillary bent 
twice at right angle more suitable in the preparation of 
thin source.
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(̂à) jDx; lürinental arrangement
The experimental arrange.'lent is shoim in hig.4.2.

The a .paratus consists of a circular brass plate covered with 
plastic in order to protect the metallic surface from con
tamination. The walls and top of the box arc made of
■erspox. The lid is provided with a few holes for ventila
tion. The whole system stands on levelling screws.
capillary jet of pyrex tube of 0.4 m_a I.h. was drawn in an
oxygen flame while rotating the tube in a hand-drill and 
letting it fall vertically under gravity (MicheIson and 
hichard3on 19^2 ) . The horizontal position of the tube 
Iceeps the hydrostatic pressure constant which is not possible 
with a vertical tube. The diameter of hole at the end of 
the capillary was 0 .2 3 0 mis whereas that of the central wire 
was 0 .2 2 9 lam. The end of the wire was kept nearly 1 mm 
above the tip of the tube. A central wire of Pt--Ir alloy 
was preferred as it is not attacked by acid nor does it under
go corrosion. The tube can be moved up and down by adjusting 
the brass thread. The horizontal position can be adjusted 
by sliding the tube through the hole. The discharge yJieno- 
mena and formation of dro]) at the t.ip' can be seen through 
a microscope placed in front of the box and using a lamp at 
the back.

5 Spraying conditions
(a) Choice of capillary and central wire

The critical size of capillary and that of the electrode 
is an important factor for a good spray. A number of cap
illaries of different diameters were tried and a suitable 
combination of capillary and wire was chosen for the

/experiment.
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e:-Cĵerir:iv3rit. A qiiic]: test, as suggested by Brunix and 
budstau was carried out by filling the capillary with liquid 
and inserting the central wire near the tip of the capillary. 
Tl'io combination for which the liquid dropped out were rejected 
and tliat with which no liquid drop, ed out was selected.

(b) Cleanliness of the capillary
The wire and tlie cnpillary were degreased first in 

chronic acid and then washed with distilled water Care 
was tail on not to leave air bubbles inside the tube as they 
cause drops to fall on the target,

(c) Choice of organic solvent
for a good spray, the solvent should have (i) low 

surface tension to chock the formation of big srops 
(i) high vapoure pressure to accelerate the process of evap
oration :
shth a mixture of alcohol and water (5C-50) no spray could 
be obtained. A mixture of alcohol and water (66:54) was,
however, found suitable for a good spray.

6 . ^'reparation of Th B sources.

Th B - sources wore deposited on the platinum spiral.
The active deposit from pt.wire was dissolved into a few 

Mdrops of YQ Hcl acid and then dried under an infra red lamp.
It was redissolved in a mixture of distilled water and
alcohol (54:66). hearly 50 par cent of active deposit was 
taken out of the pt. wire. The radioactive solution was 
then ta]:en into the capillary and sprayed on a thin

/conducting
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conducting filra. The resolution of Th B - 1 line with 
7 rm die.neter of source de;)0sit with the large spectroneter 
was 0.776‘h which was con;;arable to that obtained by ion 
collection fro’i thoron on a 5 Tin dianeter netallic screw 
( 0.86?o> 'This revealed indirect evidence for the uni-
fornity of the source deyosit.

7. The - source
Geriun - 14d- source was obtained fron the hadiochenical

centre at nnersham as a solution in ZThcl.- A few drops of
the solution were evaporated by an infra red lanp. It was

]■ /then dissolved in Dil. '10 h" 05. The solution was again 
dried under the infra red lanp and the nitrate was dissolved 
in a ninture of distilled water and alcohol. The solution 
was then sprayed on an aluninised thin film. The reason for 
dissolving the chloride salt in dil. ih05 was because .Id 
attacks aluminium. After dissolving in dil. it
seems essential to get it dried again otherwise an i icrease 
in the proportion of water makes spraying difficult.

The distance of the capillary tip from the target was 
Trent about 1 cm. The dis charge current was fairly constant 
showing a stable spray.

(Ti) Uniformity test of ^"^Ce - source
The uniformity of the cerium source deposit was tested 

by counting (3-particles with a plastic^scintillator. The 
counting arrangement is shown in .'dig. d.p* The (3-rays 
were collimated through aÿ 0,5 mm hole in thick lead.
To achieve a better collimation 1 mm thick copper plates

/having



collimating hole wore fixed on both sides of the lead. The 
source ring was lovcd with a riicronetor (not shown in Tig.) 
The flat top in T'hg. 4.3 shows a uniform deposit throughout 
the region. The source diameter was approximately 7 mn.
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C il A  P T jî; d V

1, Decay schene of
The ^'^Ce nucleus is a fission product which has a 

half life of 205 days and decays by the omission of pT rays 
and y-rays to the ground state of ^^Pr which further decays 
to ^^^id with a half life of 17.5 minutes. The odd-odd 
nucleus "̂*'"̂Pr has been studied by various workers by means 
of the p- spectrum and conversion lines, p~ - e“, e- - 0“, 
y-Y, p - y and e"“ - y coincidence measurements. Energy 
levels in ^^‘̂Pr at 135 keV, 100 keV, 80 IceV, and at 59 keV 
are well established but controversies still exist 
concerning the highest excited state in the ^"^Pr nucleus. 
The decay schemes proposed by several workers are shown 
in Pig. 5.1.

Porter and GooT: (1952), Pullman and jubcel 
(1956) , nickock, Mickinley (1953), Gengupta et al (1959) 
Geiger and Graham (1960,61) and Pasching et al (1970) placed 
the upper excited state at 134 keV; Cork et al (1954-) 
at 225 keV; Keller et al (195^), Eiserich, Auth and 
Kurabatov (l95d) at 175; Porafontov et al at 145 keV and 
Preerian P.J. (1959), Iwashita et al (1963), Manga 1 and 
Trehan (1969) at 156 keV. In spite of the controversies 
over the upper excited level, these authors disagree 
over the existence of some of the low intensity y-rays 
and ordering'of the low intensity transitions.



(a) Existence of 166 keV level
Ereenan (1959) through an extensive study of 

conversion lines, p- spectra, 6“- y and e“ - y coincidence 
neasurenerits proposed the decay scheme of ^^Ce with 
highest excited lev,,l at 166 keV. In his coincidence 
measurements he found the conversioh line of 33.57 keV 
transition in coincidence with the 133*53 keV y-ray.
His conversion electron spectrum shows conversion lines 
assigned to 66 keV and 86 keV transitions and the Eeriii- 
kurie analysis yields 135 keV p-feed to 166 keV level.
The conversion lines s >ectra, e“ - y and y - y coincidence 
measurements of Geiger and Grahaji (1960,61) show no 
evidence for the existence of an 166 keV level and assigned 
the highest excited level at 133*53 keV. however, they did 
not rule out the possibility of an additional weak conver
sion line of energy 34 keV feeding the 133*53 keV level. 
The conversion line studies of Geiger, Graham (1960,61) are 
more reliable as they were measured at momentum resolution 
of 0,1%, Iwashita et al (1959) in their y - y coincidence 
measurements found the presence of a weak peak at 66 keV 
in coincidence with the 100 keV y-ray and thus confirmed 
the existence of a 166 keV level. Their y - y coincidence 
measurements show a we ale y-ray of 92 keV in coincidence with 
the 41 keV transition. They conclude that the 92 keV 
level is fed by the 41 keV transition from the 133 keV level 
and decays to the ground state. The presence of the 33 keV 

- y ray in cascade with the 53 keV y-ray further suggests 
the existence of a 166 keV level. Their failure to observe 
the 86 keV y-ray was due to the wealcness of the transition.

/The
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The Y - y coincidence, sun peak coincidence and y-y angular 
correlation measurements by Mangal and Trehan (1969) 
supported Preeman's decay scheme of ^^^Ge and assigned the 
highest excited state in ^"^Pr at 166 keV. Thus the possi
bility of the existence of two y - rays of nearly 53 keV 
energy and hence the existence of the 166 keV level in ^^^^r 
is still to" be solved.

The s%)in and parity bf the ground state 0~ has been 
well settled, whereas those of the disputable levels, 
e.g. 166 keV, 92 keV and 146 keV are still to be confirmed.
The spins and parities of 133*33 keV, 99*93 keV, 80.12 keV 
and 39 .03 keV levelshave been measured by Geiger, Graham 
(1960,61), Burde, Pokavy and iigler (1962) and Iwashita 
et al (1963). The y-y angular correlation and y - y  coin
cidence measurements of Iwashita et al (1963) assigned a 
value of spin and parity 1” to the 166 keV level. Attempts 
have been made by different authors to interpret the level 
spins and parities on the basis of different nuclear models. 
The failure of the single particle model in interpretation 
of the level spins and parities was that it assigned 1” to the 
ground state of in contrast with the experimental value
0“. The interpretation in terms of the unified model by 
Geiger and Graham (i960) has been proved more consistent 
with the experimental values. Burde et al (1962), and
Iwashita et al (1963) have attempted to interpret the levels
in terms of the shell model.

Till now all of these authors have used L'al (Tl) 
scintillators in the studies of y-ray spectraand

/ p -  -  Y,
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(3“ - Y, e" - Y coincidence neasurenents of ^^Ce, iTal(Tl) 

scintillator has a high efficiency but a poor resolution and 
GO the closely spaced low energy y -v R y s in the decay of 
^^^Ce could not have boon resolved by then. The interest 
lies especially in the 1. - ray region where the 33«57 
keV Y-ray is very close to the X ray photo%)eak, iTone has 
attenpted to study the decay schene of with Ge(Li)
detector and nagnotic spectroncter.

In the present work an inproved technique has been applied 
to study the present anomalies in the decay schene of ^"^Ce 
- especially the existence of the 165 keV level in 
il 5 cc Ge (id) detector and a Ge(id) X-ray detector have been 
used in the studies of straight y-ray spectra of ^^^^r.
The çX e~ - e coinciderice measure'-'ents have been made by 
using a magnetic lens spectrometer in conjunction whth a Prolate 
spheroidal field j3-ray spectrometer. They are described in 
this chapter. The e~ - y coincidence measurements have been 
made by using the Ge(Li) X-ray detector with the large 
sp ectrone ter (see Chap t erVI),

1/1 hConversion lines of ' Ce
Conversion lines of ^^Ce were measured with the large 

Spectrometer with momentum resolution of 1,5% for 38.12 keV 
line ( ig. 5,2). The source has been prepared by electro
spraying method. The conversion line spectrum below 58.12 
keV measured with the small spectrometer is shown in 
dig. 3.3k. The nonentun resolution for 91-53 keV line was 
2,5%. This spectrum was taken when the slit opening of the 
snail spectrometer was rdninun.
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5. Arrangement for e~~ - e"~ coincidence

(a) Introduction. The importance of coincidence counting 
technique lies in identification of weal: lines which are 
not well revealed in single p or y spectrum, in the studies 
of cascade nature of transitions and in measurépient of 
lifetiTi'do In tne present work e- - e~ and e“ - y coinci
dence methods have been used in the study of the decay 
schene of .
(b) Advantage of e~ - e"' coincidence over e" - y and 
y - y coincidence

The e" - e" coincidence technique has advantages over 
e- - y and y - y  coincidence techniques. In the former, 
a high energy resolution can be arranged in both the 
channels without interference from the cornyton distribu
tion. whereas in thelatter interference from compton 
electrons cannot be avoided. In a magnetic spectrometer, 
plastic scintillators are used which have considerably 
faster rise time than ITal (Tl) scintillators and Go (Id) 
detectors. Therefore, a better tine-resolution is achieved 
with magnetic spectrometers. In a magnetic spectrometer, 
the energy selection takes place before the particles 
reach the detector, therefore a stronger source can be used 
without overloading the counter unlike in a pulse height 
spectrometer. The main disadvantage with magnetic spectro
meters is that they have less collecting powers than scin- ■ 
filiation spectrometers and hence lower coincidence 
counting rates.
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(c) Exi'erinontal arranr^enent

In the present e" - e~ coincidence experiment the 
prolate spheroidal field p-ray spectroneter has been used 
with a magnetic lens (snail spectrometer) spectrometer.
As the energy selections in both the channels are achieved 
before the electrons arrive near the detector, hence it was 
sufficient to use only fast channels in e“ - e"” coincidence 
measurements. This system was previously used by Ilichelson 
J. (1961), whereas French, 3.(1966) used a fast slow coinci
dence system. Hichelson used valve circuitry, l.I'Al. 
photomultipliers and lie 102 plastic scintillators, while 
Jirench, S. (1966) improved the fast channel by using 
avalanche discriminators but retaining the existing 
detector and photolultiplier. In the present work the 
detecting systems of both the spectrometers have been 
modified (Chapter 11), by using 36 A V ? photomultipliers,
KE 104- plastic scintillators, new light guides and avalanche 
discriminators. iki equiangular spiral light guide has 
been used in the large spectrometer in order to improve the 
light collection efficiency. The timing signals are derived 
from the anode of the 36 A V P photomultiplier and are 
inverted by a transformer to trigger the avalanche dis
criminator circuit (Fig. 2.3A). The bias on the avalanche 
discriminator was Icept above the detector noise level, 
llo deterioration in rise time at the secondary of the 
transformer was observed. The coincidence circuit is shown 
in Pig. 3.4-. The fast negative output pulses of 
avalanche discriminators gate the Parwell 20336 fast

/coincidence
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FI G. 5-6 (c) VIEW OF THE LARGE SPECIE ROMETER AND 
ASSOCIATED ELECTRONICS

FIG.5*6(d) THE SPECTROMETERS A R R A N G E D  FOR e-e' 
COINCIDENCE EXPERIMENT



coincidence unit. The coincidence pulses are counted with a 
fast marwell 2019B scaler. The single pulses in the slow 
line were counted to checJ: the position of the conversion 
line, however, the fast channels were also used after every 
reading to checl: the counting rate in a particular chcinnel, 
simply by switching the other off. The coincidence circuit 
was first tested by splitting the avalanche discriminator 
output pulse into two and then feeding them into the fast 
coincidence unit. Delay curves on different comixer bias 
settings are shov/n in ; Fig. 3-5.

4 . e*~ - e~~ coincidence measurements with ^^Ce
- - . measureiiants . , ,The e - e coincidence/ of the y-rays in cascade and

also of those which are not in cascade in ^"^Fr are described beloi
(a) Delay curves

The E. jI, T. on the photomultiplier of the large
spectrometer was kept at 2.2 kV while that on the small
spectrometer was 2.32 kV. The 133«33 keV level has average
short mean life time of the order of 6,6 ps. and therefore a
pronx^t curve is expected between the 91.33 keV line (K133*33)
and the continuous p-ray. A delay curve was plotted
focusing the small spectrometer on the to%) of ^d.33 keV
conversion line and the large spectrometer on the continuous
P-rays near the 4-1 keV region. The region near 41 keV was
selected as it was free from conversion line and also it was
near the 26.73 keV line. The punpose of the delay curve was
to investigate the difference in transit time in both the
spectrometers of the electron-energies to be investigated in

/coincidence
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coincidence neasurenents. A 5’ clipping cable on both 
channels of the fast coincidence unit gave rise to a resolv
ing tine of 14 ns. (I’ig, 5*6). The change in transit tine 
between 41 keV and 25.‘7 kcV energy cones to 3 ns which
is conveniently low in conyarison to the resolving tine. 
the delay curves for two co-nixor bias settings are shov/n 
in i'ig, 55 . The chance coincidence rate was calculated
by introducing a big delay in either line which was found

asequal to 3 x 10 ^c/sec/calculated fron the relation 
he =
(b) 33-4-1 - jCOO 12 coincidence

The s lall syectrorieter was gated on the pea]: of the 
33.12 keV (K 80.12)line and current in the large syectroneter 
was scanned. The 46.37 keV line (3133-41) is hardly visible 
in the single p-ray syectrun (dig, 3-7), whereas in the 
coincidence syectrun (j.̂ ig, 3.80) a big enhancenent in the 
relative height of the 46,37 kcV line is observed. Tig. 3-8D 
shows the coincidence syectrun when the snail spectrometer 
was grated on the high energy side of the 58,12 keV line. 
iVn enhancenent in the height of the 46.37 keV line in the 
coincidence spectrun shows that the 38.12 keV line is in 
coincidence with the 46.37 keV line.
(c) Iv 133.33 - K 80.12 coincidence

The ga.53 keV line appears in the coincidence spectrun 
Tig, 51k8]3dien the snail spectrometer was gated on the top of 
the 3 3 ., 12 keV line, ITo enhancenent in the relative height 
of the 9 1 .3 3 keV line is found. The appearance of the pealc 
is because of the coincidence of the 91-53 keV line with

/the
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the continuous [3-rays, The conclusion is that the K 153*53 
is not in coincidence with the h 80.12 line.
'"d; 40.91 - 1̂ 1 33*57 coincidence

Fi%. 5*̂ 0.i shows the coincidence spectrun of the 25,73 keV 
(1^33*57) line when the snill spectroncter was gated on the 
pea]c of the 34.12 ]:eV (Lp 40.91) lino. The ratio of the 
height of the line to the continuui in the coincidence 
spec true is 5 = 1 whereas in the single s^,ectrun it is 1:3.
The big enhancenent in the relative height of 26.73 keV 
line in coincidence spiectrun suggests that the 34.12 keV 
line is in coincidence with the 26 .73 keV line. Oig.
5*8" shows the 26.73 keV line in coincidence with the con
tinuous [3-rays when the snail s uctroneter was gated on the 
low energy side of the 34.12 koV (L]_40.9l) line. The
reason for not gating on the high energy side of the 34.12
keV line was to enclude the contribution of the rising part 
of the 38.12 keV (K 80.12) line. The'big enhancenent in 
the intensity of the 26.73 keV line in the coincidence spectrun 
suggests a strong y-ray having a large conversion coefficient.

(e) K133*53 - 33*57 coincidence
To verify the existence of a 166 keV level atterpts 

have been nade to see the coincidences between 91*53 ke'V 
(K 1 3 3.53) and 26.73 keV (I&33*57) conversion lines,
kecause if 166 keV level were present it will decay to
133 .53  keV level with the enission of 33*57 keV y-ray 
and hence a coincidence between their conversion electrons 
would be detected. Such exrperinents were attenpted by

/Ilichelson, 3.
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riichelson, D. (1961) and French, 3. (1966), hut their 
results failed to find any evidence of a 166 keV level.
'/ith inproved detecting systens in both the spectroneters, 
the sa le experiiient was tried by gating the snail spectro- 
neter first on the peak of the 91*53 keV line and then on 
the high energy side of the 91*53 keV line and scanning 
the current in the large spectrometer. The two coincidence 
spectra of the 26.7 :eV line (li 33*57) are shown in tfe 
/ig. 5*9jo On conparing the coincidence spectrun of the 
26.7 keV line Fig. 5*94 with that of the single spectrui 
Fig. 5*2 no such enhancenent in the relative height of the 
26.73 keV line is observed. The difference in the height of 
the lines in Fig. 5*9(4) and (B) is 17 whereas the standard 
deviation in Fig. 5*94 is ^ 10. This difference of 17 counts 
is comparable to the statistical fluctuation. The rise in 
the coincidence s%-ectrun above = 0,85 4nps can be caused 
by the fact that sone of the unresolved Auger electrons are 
in coincidence with the 91*53 keV (K133-53) conversion line. 
Fron this particular neasûrement it is difficult to set the 
lower limit for a 166 keVto 133*53 keV transition.
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o- - Y coincidence ne a sûrement s of

1. Introduction
144

The e" - y coincidence measure]lents of Go hpve been 
made by Freeman (1939), Geiger e.t al (1961) and Forafontov 
(1962) using a magnetic s- octronetcr and ITal(Tl) scinti
llator. Because of the poor resolution of hal(Tl) 
scintillator, ’\any y 'yiy linos in the decay of ̂ ̂ ^Ge could
not have been resolved?. The region of interest lies where
the 33.57 ]':eV y-ray Is ma sized by the E-% ray photopeaks.
In the present work an inprroved technique of e“" - y 
coincidence using a Ge(Li) X-ray detector in conjunction
with the large spectrometer has been applied in the

I'Ui-studies of the decay scheme of Go.

2o Experimental arrangements 

(c:i) The Ge(Li) X-ray detector

The ITE, GO x 25-5^ Ge(Li) X-ray detector is mainly
useful for the studies of low energy y-rays. The detector
has a thin Be-window and the F.'J.II.M. at the 14- keV as
claimed by the manufacturer is 290 ev.

The following are the specifications:- 
2Area 23 mm

Depth 3 mm
Operational voltage - 500V
Bealiage current 10 PA
Window z Gold surface barrier
Window 0„008"Be
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(b) Mo4ificatione to beta-Rrnna source holder

An arrange::ont to hold the y-connter is shown in 
i'ig. 6.1, The perspex source holder and theiiYon disc were 
the sane as used by I'reouan (1960), but a brass tube of 
a larger length and dianotor (8" x 4") was used so as to 
cover the whole length of the Ge(Ld) detector's cold 
finger and if necessary, the l.al(Tl) counter with a 
p6 AVI'- photvViultiplier. Th.e perspex thickness at the 
centre was kept at 1/8"« The outer surface of the 
perspex was node conducting with an aluiriniuri coating 
whereas the inner surface was painted black with aquadag 
to nako it light bight*

(c) Gate pulse generator

The basic circuit of the gate pulse generator is 
given by Towers T.n, (1969)« The circuit is shown in 
I'ig. G,2B. The author wishes to thank tlr. AJkThonas
for bringing this circuit to his attention. It is a

iAisb
ctAr-i 4-nU 4A

211 709 « Before the nonostable is triggered by the
nonostable circuit having ul trsp switching transistors,

negative pulse fron the slow coincidence unit, the 
transistor Th^ is biased on by the current through the 
base resistor hp and the forward biased diode D (CV2290) 
whereas TII2 is biased off by the resistors II2 and 
i,e,. T2^ is conducting and Th^ is cut off. On an appli
cation of a negative trigger pulse fron the out%)ut of 
the slow coincidence, the diode B is cut off and TH^

/starts



m11 ^
^  S  CDfV 2  m  non

COUNTS

o o

COUNTS

g x K f

V
K> W

COUN rt C7\



•“ 39*^

startn switching off. The diode was used to protect 
tile Dasu erii'cber junction of fron exceeding its 
voltage rating. regenerating action talces place 
through the cross-coupling resistor hg which •drives the 
TRp on and the circuit flips into a. seni stable state 
with Th^ off and ilî  fho collector potential of
TRg falls and a negative output pulse app;ears. on the 
collector. The capacitor C speeds up the transition 
between the stable and unstable states. An output 
pulse of the gate .ailso generator is shown in 
f i g , 6.2 Ch.

(d) The Aarwell 2002A fasr amplifier

The iiarwoll 2ü02n unit is a distributed anplifier 
with a rise tine of about 2.5 ns and a gain of 20dB,
This anplifier was used in the G-e(Li) fast channel 
(fig. 6.p), The fast output pulse of the Ortec 261 
tine pick off control is anplified by the distributed 
c'japdifior to about -h Volt, which was suitable to 
operate the fast coincidence unit.

3 " The Y-ray spectra of

fig. 6 .3A shows the y-ray spectrun of ^'^Ce below
1 3 3«53 keV neasured with, the 5 cc G^e(Li) detector.
The 5 3.4d keV, 80.12 keV, 99.95 keV and 133.53 keV
y-rays are well separated. The f .k.A.M. for
59 .53  y-ray photopeak was 2.1%. Due to a poor resolu
tion, the 33 .57 keV y-ray has not been resolved fron the Ka

/X-rays„
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X-rays. . The spectrun shows a single pealc for Pr Ka^,
K0C2 X-rays and y33*57 and also for the Y40.93, Pr 
Kp^, Kpg X-rays. The hunp on the higher energy side of 
the 80.12 keV uhotopeak is due to the conpton background 
of the 133.33 keV photopenic.

Pig. 6 .3B shows the y-ray spectrun of ^"^Ce— ^
^^^Pr observed with the X-ray detector. The P.’■/.ij.'.Ti. for 
the 14.35 keV line of 57 was 300 ev. The y 33.57 
has been resolved fron the Ea X-ray (Pig. 5.3c). It 
shows a single photo;.,eak for the Eoc^^,Kand also 
for y40.93 and Ep^, Kp^ X-rays. The two peaks below 
33 .55 keV and 8U.12 keV are interpreted as the Ge escape 
peaks.

4. Efficiency of the X-ray detector

The relative efficiency of the X-ray detector for 
various y-radiations was calculated in the rianner suggested 
by Lieshout et al (1965). The fqlative efficiency can be 
expressed by the relation

^̂ 2 Ig G 2 (6.1)

where are the accurately Icnown intensities of the
y-radiations fron a standard source, A^, A2 are the full 
photopeak areas neasured exi',erinentally and £2 are the 
efficiencies of the detector for the two radiations.
The efficiency calibration of the X-ray detector was 
carried out with the Geiger (1960,61) values of y-ray 
intensity of ^“̂ Ce. Keeping = 1 for the 133.53 keV,
Gg for different y-ray energies of ^^“̂ Ge was calculated.

/The



( A )

Pig, 6.4 (A). J.1 detailed diagraii showing the X-ray
detector ô ;erating in conjunction with the 
large syectroneter.

(B) X-ray detector and the large spectroneter 
associated with electronics arranged for 
e” - Y coincidence neasufenents.

Continued



D

Fig.6.4 (C) Another view of the X-ray detector operating in 
conjunction with the large spectroneter.

(D) and (F) photographs showing the detector ,
preamplifier and electronics in a metallic cage
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the efficiency cnrcve is shown in Pig

5» The e~ - y coincidence arrangements

Photographs of the Ge(Li) X-ray detector $n con
junction with the large spectroneter are shown in Pigs.
6.4, ix,B,C. Pig. 6 . 5 shows the schonatic diagran of the 
e” - Y coincidence system with an e“ - gate, ITano-second 
delays are provided in the fast channel to adjust the tine 
difference between the two fast pulses. The fast coin
cidence out-put pulse drives the gate pulse generator 
which produces a long (1.5 46) pulse of nearly -12 volt 
(Pig. 6,20) necessary to open the gate of the Inter
technique nultichannel analyser. Micro-second delays 
were used in the fast coincidence output line in order 
to natch the arrival of the energy signal fron the X-ray 
detector to the nulti channel analyser. drift of 
about two channels was found over a week in the system, 
which night be caused by a temperature change. In order 
to avoid tbe spurious counts the detector preamplifier 
and the associated electronics were surrounded by the 
metallic grids".
(a) Delay curves

Delay curves were plotted by gating the large spectroneter 
on the peak of the 91*55 keV (K153*53) conversion line and
keeping the discriminator setting on the 261 tine pick off
control unit d o m  to 20 keV. The delay curves with different 
lengths of clipping cables for for different electron energies 
Eire shown in Pig.6.6. The tine resolution for the K133*53 - Y 
prompt curve was 54 ns, but for the K80.12-Y it was 40 n5*

im  increase in the resolving
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ro^olvinj tine was dua to t]lowering in 
;iuloe lioight of tlio K 00,12 koV conversion 
lino. Length G of the cli;g)ing cables used in both the 
fast channels were 6 feet. The naxinim chance coinci
dence rate for the nl53*-5^y and K8U.12-y coincidence was
2.1 X 10  ̂and 1.1 x 10"^ counts/sec., respectively.

(b) K133»3i - Y coincidence

In order to verify the oxistonee of a 166 keV 
level, the large syoctro:leter was focused on the toy of the 
91 .33 keV (KI33.53) conversion line and the coincidence 
y-ray syoctrun below 80 IcoV was scanned ovnr the multi
channel analyser. The- coincidence s nctruji is shown in 
big. 6.7* The coincidence peaks of Pr - K X-rays are due 
to the XI33 .33 K-X-rays which are emitted after the K con
version electron has escayed. The peak in the coincidence 
spectrun at a*' 27 keV is interpreted as the Ge Ka escape 
peak coincident with the K133.33 conversion line. This 
finding has been confirmed in KC0.12 - y coincidence meas
urements (Pig, 6.8). The s: lall %;ea]̂ :s of the 80.12 ke V and 
155.35 koV y-rays are due to coincidence with the continuous 
p-rays. The coincidence syectrui: does not show a y-ray of 
55 .37 keV in coincidence with the K155.35 lino.

(c) K80.12 - y coincidence

Freeman (1939), Iwashita et al (1962) and Hanged et al 
(1969) reported a weaJc transition of 86 keV resulting fron 
a 165 keV to the 80.12 keV level. Thus if a 86 keV transition

/exists
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exists it should appear in the Iv80.12 - y coincidence 
spectrun. ?ig. 6.8 shows the coincidence spectrun when 
the large spectroneter was focused on the peak of the 
38.12 keV (K80.12) conversion line. The K-X-ray peaks 
in the coincidence spectrun e.re due to K80,12 fluores
cent K- X-rays. A big enhancenent in the relative height 
of the 33.13 keV photopeak shows that the 1180.12 keV con
version line is in coincidence with the 33.13 keV tran
sition. The snail peak at 27 keV is the Ge Ka
escape peak in coincidence with the K80.12 line. The 
spectrun does not show a coincident peak of 86 keV. ITo
peak at 95 koV appears which is in contradiction with the

0
findings of Keller Cork (1951).

(d) L140.93 - Y coincidence
Iwashita et al (1962) found a transition of a 92 keV 

in coincidence with the 4-0.93 keV y-ray while Tree nan 
(1959) found a 66 keV transition originating fron a 166 
keV to 100 keV level. The Ip40.93 ~ Y coincidence measure- 
nents were carried out to test the existence of a 92 keV 
and a 66 keV transition. The o” gate was set on the peak 
of the 34.10 keV (L140.93) conversion line (kig.6.9C),
Tho coincidence spectrun is shown in Figs. 5.9B and 6.10B. 
The relative height of tho 33.57 koV photopeak in the 
single spectrun is 1:3.5 whereas in the coincidence 
spectrun it is 6:1. duch a big enhancement in the 
relative height of the 33.57 keV photopeak shows that the 
54.10 keV (1,240.93) conversion line is in coincidence 
with the 33.57 keV y-ray, however, they do not show any

/coincidence
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coincidoTico pea]c of either a 92 keV or a 66 koV, or the
153 • 5 3 k oV tr an si ti ons.

(,o) 1^ 33 .37 - T coincidence

kic;. 6.11 Ghov/s the 1^33.37 - y coincidence spectrun
when the large .c ')ctronoter was focused on line peal-c of
the 26.73 keV (1^33»57) conversion line. An enhancenont 
in the relative heights of the coincident 40.93 keV and 
99r95 keV photopeaks shows that they are in coincidence 
with the Ln33"57 conversion line. The 99.95 keV y-ray 
because of i ts wosJc intensity is har-dly seen in the single 
y-ray specururn (6.11). The 59^07 keV has a long life 
tine (> 3 secs) hence no coincidences could be observed,
ilo onhanco'lent in the relative height of the 133.53 keV 
photop'oak was obsez-ved which suggests that the 133.53 keV 
transition is not in coincidence with the 1^33.57 keV 
conversion line. The s'lall %)eak at 133.53 koV is duo to 
its COincidonegs with the p-ray continuun.

The k-ray pealcs in the coincidence spectrun are due to 
the coincidences of the fluorescent rays with the continu-V
ous p-raysn
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&53.41 - Y COincidon0 3

li'ig. 6.12 B Ghow;-3 the coincidence spectrun when the 
large spectroneter was focused on the top of the 
Li B3.41 conversion line. The ratio of the height of the
Y 80.12 and y 133*,65 photopeaks above the background in 
the single spectruj : (fig. 6.12A) is 0.4-8 and in the 
coincidence spectrun it is 0.8 which shovjs that the
Y 80.12 is in coincidence with the L|^55.dl line.
The appearance of the y 155*53 photopeak in Fig. 6.12B-- 
is due to its coincidences with the p-ray continuun.
The coincidence peaks of Ir k X-ray are due to the 
fluorescent X-rays of the X 80,12 conversion line.
The spectrun does not show coincidences with y 55.57*



1 6""
6. Dioeu3sion
(a) 176 kcV IcvQl

Fron tho )^30,12 - y coincidence neasure'nonts, no peak at
95 keV is found which is in contro.diction with the findings of
In H e r  and Cork (1951). The L^4-0.93 - y coincidence does not
show coincidences vdth the 133.55 keV y-ray which is against
the findings of Forafontov et s.l (1959).
(b ) 166 læV level

Free nan (1959), Iwashita et .il (1965) and îiangal et al
(1969) placed t}ie upper excited level in ^^Ir at 166 keV.
The decay schenes of Free \an and iwashita et al yield two weak
transitions of 86.5 and 66 ]œV. The F155.55 - e” (Fig.5.9),
]C155.55 - y (dig.6.7) and 1^55.57 - y (Fig.611) coincidence
nousurenents do not support a 55.57 keV quanta in coincidence
with the 133.53 keV transition. Assuming the Geiger et al

*value of the intensity of 53»57- , t'lie upper limit of intensity
of such transition is placed at r ' 0.016% per disintegration.

The iCOO.12 - y coincidence (Fig.6.4) shows no evidence
for a 86.5 keV transition. Taking the Geiger et al value of

*the intensity of y 55.41 , tie upper limit of a 8 6 .5 keV
transition per disintegration is fixed at 0.22%. The hump on
the high energy side of the 80.12 keV y-ray in the singles
y-ray spectrum measured with the 5 cc Go(Li) detector
(Fig.6.5) is interpreted as the compton peak of the 155.55
keV y-ray. A 66 keV peak does not appear in the 1. 40.95 - y
coincidence measurements (Fig.6.5A), and its intensity would

*be 0.015 times the intensity of y 55.57» Our present 
spectrum puts an upper limit on such a transition at 0.018% 
per disintegration.
* The intensities shown in Table 6.1 were taken as standard 
values.



Table 6*1

y !:oV Gaoaa rays per 100
disinter-Tatioiis

>> '

%r57 0-23

4L93 0*35

53.41 0.13

59.03 O'OOl

1-6 

0.04

133*53 10.8

iZier-gies and relative i^ntensities of gaoma rays 

enitted in the decay of (Geiger et al.,

195c. 61).
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(c) Escape peak at 27 keV
The coincident po.ik at 27 koV which appeared in the 

kl55.55 - Y and K 80.12 - y coincidence spectra can be inter
preted in two ways: (1) Either it is due to a transition 
froii a higher state of 160 keV to 155*55 keV level or 
(2) it is a Go escape peak. If it were a y-ray fron a 160 
to 155.55 koV level, then coincidences of 27 keV will 
be detected in the Ip -0.55 - y ,  J .dp5.5 7 - y and 55.41 - y 
coincidence measurements also. Our results do not show any 
such coincidences, therefore, the possibility of a 27 koV 
transition is unlikely. The peal: is due to Ge K^, k^ escape 
in coincidence with the. K\33‘55 and K 80.12 conversion 
lines.

The two Ge Ka, Kp escape peaks are shown at the channels 
111 and 115 in Fig, 6 .7A and at 75 and 77 in Fig. 6.8A 
respectively. The single spectrum was run in each case for 
about 2 hours whereas the coincidence spectrum took more than 
a week and hence the drift of about 2 channels occurred which 
caused the coincidence escape peaks to merge into a single 
broad peak at channel 118 in Fig.6.7E and at channel 78 
in Fig. 6.8B.
(d) 92 keV level

Iwashita et al found a 92 keV transition in coincidence 
with the y 40,95- Our Tp40.95-y coincidence spectra (Fig.6.9, 
6.10) do not show a 92 keV peak,
(e) 96 keV level

We do not find any evidence for a 96 keV level in oppo
sition to the findings of Sengupta et al (1969).
(f) Support for the uppermost level at 155.55 keV

The ]ĝ _40.95 - e" (Figs. 5 .8 A,B), K80.12 - e"
/(Figs.
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(Figs. 5.8 C,D), LpC.93 - Y (Fig. 6.9, 6.1Ü),
L^33.57 - Y (Fig. 6IÛ and 1^53.41 - y coincidence neasure-
riants give a strong evidence for tlie 155.55 keV as the 
uppermost excited level of ^^'Dr and that the 55.57 keV 
Y-ray arises solely due to the transition froM the 155*55 
keV to 99.95 heV level. Thus ihe possibility of two 
Y-rays of 54 koV is unlikely.

Conclusion
From our present results we do not find any evidence

for a 175 keV, 136, IcoV, 96 keV or a 92 keV level,
hence we keep the uppermost excited level of ^"^Fr at 
155-55 keV supporting the decay scher.e of ^̂ ''Ce by 
Geiger et al (1960,61) sjiowii in Fig. 5.1^ G.
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1. riultipole radiation.
Electronagnetic radiations are enitted when excited 

states of nuclei decay to lower states. They can be class
ified according to angular nonentuia L in units of h 
carried off by each quantun. For each value of angular 
nonontun L there are rv/o possible classes of radiations 
(i) Electric 2^ (E) polh and (ii) nagnetic 2^ (EETj) pole. 
These two radiations differ with respect to parity?-.
The transition probabilities per unit tine for 
electrical and nagnetic radiations are given as

where is in MeV and 2 is'in Ferni.
The above expressions were based on the assumptions 

that the nucleus is spherical and that the y-radiation is 
caused by the transition of a single proton fron one 
nuclear state to another and that the proton noves inde
pendently within the nucleus. The equations 7.1 and 7.2 
show that the emission probability of nultipole quanta L 
decreases rapidly with increase of L and increases with 
increase In y-ray energy E^p Also the electric tran
sitions are faster than the magnetic transitions.
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2. Selection rules for y-radiation

Table 7.1

Type of 
radiation

dota
tion

nl cnange 
in angular 
nomentun 
quantum ITo.

Parity
change

Ati

Electric dipole 1̂ 1 i l Yes (-1)
Magnetic dipole h

+
- 1 r.'o (+1)

Electric quadrupole ■ ± 2 ITo (+1)
Magnetic quadrupole «2 i 2 Yes (-1)
Electric Octupole h i 3 Yes (-1)
Magnetic Octupole t 3 ITo (+1)
Electric 2^Tpole + L (-if
Magnetic 2^-pole h 1 1

5. Semiconductor detector:
(a) Introduction

Ilackay (1949) was the first to use semiconductor as a 
particle detector in nuclear physics. The solid state detector 
has an advantage over the gas counter, as the electron-hole 
pairs produced in a solid state detector is large, it has 
a smaller fractional statistical fluctuation and has a high 
energy resolution. The average energy required per ion 
produced in a gaseous ionization is pO eV whereas in a 
solid state detector for an electron-hole pair it is
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(b) Interaction of y-radiations with semiconductor 
detectors
Ganna rays lose their energies in semiconductor by 

exci'nng the electron to the conduction band. The excited 
electron is free to move in the whole of the crystal 
lattice, ii. vacancy knovai as a hole is created in the outer 
shell which moves from atom to atom throughout the lattice. 
The total number of electron-hole pairs thus produced yields 
the measure of the "/-ray energy absorbed in the semiconductor 
detector. The interaction of y-rays with semiconductor 
takes place mainly oy three mechanisms (i) photoelectric 
process (ii) conpton scattering and (iii) pair production.

(c) Lithium dri f top. German iun detect or
An ideal counter is that having a very low density of 

free electrons or holes at room température so that current 
noise should be a minimum,a long carrier drift length to 
maXi the charge collection efficient and a high atonic 
number to give a good stopping power and a high photoelectric 
interaction with y-rays« A single crystal with all these 
properties is difficult to obtain. In most cases Ge and 3i 
crystals are used as counters. Even the commercially 
available pure Ge has high impurity concentration which 
are electrically active and produce large number of electron- 
hole pairs. The electron-hole pairs give rise to a noise 
signal which overwhelms the signal produced by a y-ray.
These impurities are made iuactive by drifting lithium ions 
into the bulk of the Ge-crystals under a strong electric 
field under carefully controlled conditions. Each impurity

/becomes
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bonnrioo fui 1 y ionized and they collectively make no 
contributions to the free carrier concentrations, thus 
producing a region of high resistivity.

(d) Comparison between hi (Li), Ge(l.i) detectors and 
hal(Tl) Ccintillator
The Ge(Li) detector has an advantage over hal(Tl) 

scintillator as it has a faster rise time ( •'"̂ 2U to 40 ns) 
whereas hal(Tl) scintillator has a rise time equal to 
250 ns. Therefore a Go(Li) detector has superior time 
resolution to that of Lal(Tl) scintillator. Gilicon de
tectors have the advantage that they can be operated at 
room température while the Ge(Li) detectors are always 
operated at the liquid nitrogen terpierature. Gen laniun has 
a considerably higher atonic number than silicon, has photo
electric cross-section nearly 40 tines that of silicon, 
and finally a greater stopping power for absorption.
The mean energy per electron-hole pair for Germanium is 
lower (2.84ev) than that of silicon (3.23eV). Thus the 
Germanium detector has a better statistic;s and a faster 
rise time than the silicon detector.

(e) Leakage current in semiconductor
Thu leakage currents arise fron the detector surface 

pud fron the detector volume. An imperfection captures a 
bound electron from the lattice producing a free hole.
If such carrier generation process produces electron-hole 
pairs in the depletion layer - they are rapidly swept 
apart by the electric field. This is a space-charge gen
erated leakage current which is under normal conditions

/less
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less than 10”^ A npere cri~̂ .

(f) Irradiation effects
À deterioration in the properties of the semi

conductor appears when it is exposed to radiations for 
a long time, 1 continuous bombardment of radiation
produces lattice defects and imperfections in the detector.
These imperfections serve as trapping centres which cause 
an increase in resistivity, lowering in carrier life-time, 
increase in rise time of the pulse and deterioration 
in resolution.

4, Preamplifier noise
'The high resolution obtainable from the semiconductor 

detectors is limited by the preamplifier noee which is a
function of the total input capacitance to the preampli
fier noise. Leajcage current, bias and feedback resistor noise 
ther^ial noise, F E T noise are the examples of the preamplifier/ 
sources0 The noise contribution due to E E T is a minimum 
in the temperature region of 110 - I3OIC, Hence the F S T ‘s 
are always kept as close to the detector as possible for 
cooling and to reduce the stray capacity. The noise contri
bution to the F.W'.II.M. of the preamplifier IT E 528/A to 
Ge(Li) detectors having capacity 0 to 5 pp is
1,1 keV for double integration and single differentiation.

5. Pile-up effects
The overlapping of a sequence of pulses produces stair

case effects called Pile-up effects. It can occur at all
/stages
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stages both in the ;;.i'e'anj;lificr and annlifii-'r and is one 
of the causes for snectral broadening. In the nain 
an/lifier jjil̂ -Uj; occurs on the ;>rinary yulsc and on the 
under shoot., Those pulses which fall on the undershoots 
of earlier ones will a [guar to have lower uiplitudes,
The statistical fluctuations in the magnitude of the base 
line depression result in dispersion in the neasured pulse 
heights o A fur uh.jr dispersion in pulse height is caused by 
the non-linearity of the amplifier over the range of base 
line variation,j The latter effect is reduced to a snail 
value with a single differentiation and the long duration 
overshoot is e]ininated with double differentiation.

(A ) Tluh_5_ cc G-e(Li) dotoctor
A b cc h'AA, Go(Li) detector has buon used in y-y 

coincidence .no a sur cn ont s. The sectional diagran of the 
detector mounting is shown in fig. 7.1A. The detector is 
housed in a chanbur with a thin berylliuri window and is 
cooled a G liquid nitrogen tesiyeraturo. The detector is 
provided with a h'E 5287 A preanplifier the first stage of 
which with if EAT. is also cooled.

The Bo -  having low ato.riic nunber, will not absorb 
the low enorg;}̂  y-rays and hence is suitable for the study 
of low energy y-radiations. The following are the speci
fications of the 5 cc Ge(Li) detector 
Detector ITo. GDP 578
Optinun operating voltage 500 v + ive

-9Leakage current 1 x 10 ' anpore

/sensitive
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-55-
sunsitivo volunc- 5 cc
configuration j^lanar
capacitance 5

window Be

(a) Cryostat : The cold finger is nado of stainless stool
which is filled with liquid nitrogen via a Union Carbide 
driy-focd Dewar. The detector is nounted at the end of the 
cryostat. Tlie cold finger rind thu detector are encapsulated 
by an aluniniun outer casing. The interspace between the 
detector and the casing is evacuated by an ion puiup down 
to a pressure of abour 10“^ ToYf.

7. Perfornance of 5 cc Go(Li) detector
(a) avoidance of nains pick up

Mains pick up caused spurious counts at the beginning 
with the 5 cc Ge(jji) detector. The use of a special type 
of nains filter (shown in Fig, 7.2A) proved most useful in 
getting rid of pick ups. The characteristics of the nains 
filter are shown in Fig. 7*2^«

A further precaution against spurious pick up has been 
ta'ncn by placing the detector and associated electronics in 
a metallic wire grid cage in y-ray spectroscopy and in
0- - Y coincidence noasurenents,

(b) hesolution
The resolution of a Ge(Li) detector depends nainly 

on throe factors (i) preanplifier noise (ii) detector 
noise (iii) statistical effects of production of electron- 
hole pairs. If A represents the detector theoretical 
resolution assuning gaussian statistical variation, A

/the
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the noise contribution fron detector leakage current and 
C the noise contribution frori detector bias. Then the
resolution J W H IT is given as _ j_

f" o o o pif W H M Ge(hi) = + (Freanplifier noiso)^^ ,

where A = i.l fF , B = 2.55 % 2.98 he
C = 2.55 X 2.98 Njl , Ke =

ITê
Ae■ M

]vT-jn— . ^ is base of ITaperian logrithns.\y
t = pulse shaping tine constant, e = electron charge 
K is Boltznan constant and T is absolute temperature.
The isotope has y-ray and x-ray lines in the low
energy region, the most intense one is the 59*57 keV y-ray. 
These lines could be used to check the calibration and 
resolution of the Ge(Li) detector in the low energy region. 
The y-ray spectrun of neasured with the 5 cc Ge(Li)
detector is shown in Fig. 7-3A. The energy calibration 
line passes straight through the origin which shows the 
response of the detector to be linear. At low energies the 
statistical fluctuations contribution to the line width is 
snaller than the preanplifier noise but at higher energies 
the contribution duo to the statistical fluctuation in the 
production of electron-hole pairs is predominant. The con
tribution to the line width due to statistical fluctuation 
can be estimated by subtracting in quadrature the line 
width of the pulsar from that of the y-ray pealc.

(c) stability test of the detector
In order to test the stability of the detector and 

the electronic system, the detector was run continuously
/for
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for 24 hours and y-ray counts of was stored in
the '̂00 channel Intertocbniciue multichannel analyser. A 
gain drift of O.p'A was found with the 59*57 keV y-ray 
p l io to x io a l: ,

(d) Affects of counting rate on resolution and weak position 
of y-ray
nigh COUP king rat.o- generates pulse pile-up which causes 

dispersion in the pulse: licight spuctrun. The effect of 
the counting rate on tlie resolution of a Ge(Li) detector

137 fthas been s ijudied be' i .lacing Cs sources of different
brengths ab the sa,ie distance fron the detector. Intensity 

/CC-Vof 17he^photopeak has be^n calculated by sunnrng up the 
number of counts in each channel above the base line.
I lO a sur orients euro clone for ai rlif icr settings having (i) 
double integration and single differentiation (ii) single 
diffoicntion and double integration keeping tine consbauts 
2p,s in each case. The fiikh.H. vs. intensity of phobo- 
poalcs i n eU' 'h cose las been plotted and shown in 
Fig. 7 5̂0, v/i'bh double integration and double differentiation 
the pile-uy effects got reduced considerably and the F.lÿh.M. 
remains fairly constant ovir a considerable range of 
counting rate.. Ik th double integration and single differ
entiation an inprovoncnb in resolution appears which remains 
constant up to the point I i (seeFig, 7«5B) and then it 
increases with the increase in counting rate, kith double 
integration and single differentiation, no deterioration 
in F.i/.H,rh value appears up to the total counting rate of 
1778 counts per second, which is very low for coincidence

/ne 0. sur orient s.
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ne a'sur en en t.'3. The Canberra biased amplifier 1452 is 
designed to get rid of the jdle-up effects and it can be 
used at fairly high counting rate. In present y-y coinci
dence experiment neither this biased amplifier nor post- 
anplifier base restoreYwas available hence the distance of 
the source fron the detector and tine constants were cid- 
justed to get a better resolution. The Edinburgh amplifier 
N£ 5259 and the biased a: rplifier NE 5261A were found too 
much sensitive to counting rate and therefore a weak 
source and a long distance from the detector were essen
tial to get rid of p-il e-up effects.
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8. Miite cathode follower
(a) The circuit diagran of the white cathode follower
Ghovni in. fig. 7.4C is based on the design of I did ear
uhnterarise rea: r;:lifier lodel h.t 5202A. It is a double
cathode follower which is used to achieve an overall
nullification nearer to unity, x-. full description of the
circuit ay;«ears in tection 4 of the "h.E,Instruction
annual for integrated and de].iountable asse]iblies”,
(b) E55L 1 ini ter - see .n%)pendi:{ I
9. The i:al (Tl) Counter

The r:aI(Tl) harsh aw crystal (1-J" x 1”) nounted on 
E .['1 I 9514 B photonultiplier is shown in Eig. 7.4A. lin 
energy resolution of 8.2% for the 561 keV y-ray
has been achieved. Eig. 7-4B shows the pulse height lin
earity response of the counter.

(a) hhotonuItirlier circuit
The potential divider circuit for E M I 9514B photo-

nultdélier of the y-ray counter is shown in Eig. 7*5*
The decoupling cpacitors have been used to stabilise

the dynode " otentials. The tining signals fron the anode
feeds the .2 55E liniter which iiroduces a fast positive pulse 

(Eig.7»4D)
of 5 voltSy The liniter output further triggers the ava
lanche discrininator producing a very fast narrow-negative 
pulse (Tlg.2.4d). The energy signal is derived fron the
4th dynode which eventually goes to the grid of the vihite 
Cathode follower. The connecting lead fron the anode to
the grid of E 55 E liniter was kept short.
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10, Y - Y coincidence ex;-eririent

The Ge( ,i)/i:'ai(Tl) Tant and T̂.ow Y”Y coincidence 
a.rraii[-̂o; lont in nlicwri in Tip;. ?.6/i. This coincidence 
arrangonent has been used in the studies of cascade nature
or til a 569 r.oV Y-fftys of

(a) delay carves
_)Glay curves Cor fast coincidence were plotted with

2d_a '"I'ui Y-cay source, heoring different lengths of clipping 
cables (see Tig. 7.7), clipping cable was found
suitable t -, give a tine resolution of 15 ns. On naking the 
lengtn of both clipping ca'i)les snaller, the coincidence 
counts rate reduces though with, sone ir.g:rovenent in resolv
ing tiiie. iinilar ruasureuents were nade with the slow 
coincidence unit to set the resolving tine for naxinui: 
coincidence counws rate. The coincidence counts rate falls 
rapidip- when the resolving tine reduces below O.p 
(Tig. 7.8b). The nini. :.un permissible resolving tine for the
slow coincidence unit was O.p ^s. The naxinun chance coincidence
rate v/as U.4 c/sec (Tig, 7, 7b)pp(b) Coinoideuce s':"ectru:i of 2_ha.

opThe single Y-tciy spectrum of iTa with ITal(Tl) 
scintillator has been shown in Tig. 7 .9 . The lower level 
of the O.C.À. was set at 2.5 Volt and the window opening 
at 2 Volt so as to cover the full photopeak area of the

p p  _
511 keV Y-r&y* The single y - r a j spectrun of ba with the 
Ge(Li) detector is given in Tig, 7^10(A),

The coincidence spectrun between two annihilation 
quanta of 511 keV shows a satisfactory working of the

/coincidence
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coincidence aysten.

PD711, The Jecay of Bi
(a) Introduction

^Li iaotope was discovered by h:eunan and felman
(1951) who found that the nuclide decaye by electron
ca;:ture to with a half life of about 28 years.
The conversion electron s; ectrun of -:euna.n shows eight

207y-rays above 2 ITeV in the decay of ' Bi., While l/apstra 
et al (1954) found the presence of two transitions of 
energies 0.95 and 1.05 IleV, The coincidence data of
l-rescott (1994) gave evidence of four y-rays of energies 
0 ,97, 1 .0 7, 1 .7 5 and 2 .4 7 Me7 and suggested the possi
bility of a 1 .0 7 MeV doublet. The conversion electroni 
spectra of ^ilburger et al (1995) gave a slight indication 
of a very weak line corresponding to a transition of about
0 .9  MeV, Till now had (Tl) scintillators have been used by

207various workers in the y-ray studies of Bi.
The present Ge(Li)/MaI(Tl) y-y coincidence-systen 

was designed '.ninarily to do coincidence neasurenents with 
^^^^e source and at the beginning attenuts were nade to 
search for the existence of two y-rays of equal energies 
Ü .959 MeV in the decay of ^^^Bi (Prescott 1994). Unfortun
ately the 9cc Cre(Li) detector failed during the experiment

1/1 )\and hence y - y  coincidence measurements with " Ce could
207not be performed and also those made with the 'Bi

remained incomplete. However, some of the important coin-
207cidence measurements tahen with '̂ Bi are presented in

207this chapter. The decay schemes of '̂ Bi by Prescott
/et
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et al (1994) arr', Alhurj'.r .;;t (1999) are r i r  . 7 ^ 1

(b) Y 1.0637 - Y 0 .9 69 coincidence
OQO.dingle y-ray a;.' ';ctr i fro 1 tlio decay of ' -di below 

1.0697 MeV i.ieaaured witli the nl(Tl) scintillator and 
with the 9 cc vh'(d'i) detector are al.own in Vi.g. 7*12. 
!''ig.7.12B allows tJic coincidence spectrvrn vhen the window 
of trie sin lie channel analyser wan set on the Mal(Tl) 
nnoctrari wtiich included the full 1.0637 y-rny photopeak.
T}i.e only peak to appear is tlie 0,969 MeV y-ray which shows 
that the 1,0637 MeV y-ray is in coincidence with the 
0 .9 6 9 MeV y-ray.
dig. 7 .12c shows the coincidence spectrum when the channel 
window on the l:’aI(Tl) spectrun v̂.is set to include the full 
0.969 MeV y-ray phot ope ok. jUi enhince'lent in the photo
peak height of the 1.0G37 MeV y-ray above the background 
indicates th.-t the 0.969 MeV y-ray is in coincidence with 
the 1.0637 MeV y-ray.

The coincidences o.t 0.969 MeV in Tig,7.120 can be 
interpreted in two ways :-
(1) The coincidences are with the donpton baclzgro-ind of the 
1 .0 7 5 McV y-ray or (in) they are with the conpton back
ground as well as with a second y-ray of 0.969 I'l.eV. If it 
were due to the conpton bachground alone, the ratio of the 
area of the 1.067 MeV photopeak to its conpton background 
under the 0.969 MeV photopeak will remain the same both 
in the single coincidence spectrum while in the presence 
of another y-ray of 0.969 MeV, the ratio will get reduced 
in the latter cases. The ratios were calculated in both

/the
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the single and coincidence spectrim. In the single
spectrun the ratio was 1 , whereas in the coincidence

1.9
spectruri it was 1 . Tlius the results show that the

1.88
coincidence peak of U.969 heV y-ray is entirely due to 
the coincidences with the coupton background of 1.06? 
MeV quanta and bhere are no two y-rays of Ü.569 MeV.
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APPENDIX I

The Milliard pentode valve has been used in
the 1 in iter circuit of the -̂'al (Tl) y - counter. The 
valve has a long durability cind can be operated at 
about 55 riA anode current. The circuit is based on 
the design by Abdarabbani, Rafat Eatul (1968% with 
sone adjustments. The output pulse amplitude was 
adjusted to a desired value by adjusting the cathode 
resistor. A 100-^^ anode load resistor was used in 
order to natch the transnission line. The anode 
current f1owing through the valve was 50 nA which 
produces a fast standard output pulse of + 5 volt.
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