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ABITRACT

The work described in this thesis has been carried
out independently bv the author under the supervision of
Professor H., O, W. tichardson. A brief introduction on
the scope of B~ = vy ray spectroscopy is given in Chapter I,
Chapter II deals with the modification of the detecting
systens of the prolate spheroidal field g-ray spectrometer
(large spectroncter) and the nediun size nagnetic lens
spectroneter (snall spectrorceter)., The "venetian blind"
T M I photorultipliers nreviously used in both the spectro-
neters have been replaced by 56 AVE photonultipliers and
fast electronics using avalanche discrininator circuits.
The ITH 102 phosphors were replaced by the fast T 104 scin-
tillotors. .. further irproveinent in the large spectroneter
was nade by replacing the conical phosphor and a straight
light guide by an equiangular spiral light guide.
Chapter IV describes the preparation of g-sources. An
improved technique using the electrospraying nethod has

144Ce SOUTCES.

been applied in th: preparation of Th B and
f—\h ) — — : . ~ - 144 -

Ihe e~ ~ e coincidence neasurenents of Ce using the
two spectroneters have been described in Chapter VI.

But the nost important and original contribution of this

thesis is the e - v coincidence rnicasurenents of 144

Ce using
the large spectrometer and a Ge(Ii) {-ray detector in con-
Junction. The €~ -~ vy coincidence neasurenents have been
described in Chapter VI. Very possibly a nagnetic spectroneter
and a Ge(Li) ¥-ray dctector have been used for the first

/tine



(i)

tinein these e~ - y coincidence neasurenients on 144Ce.

The single y-ray spectra of 14406 neasured with the 5 cc
Ge(Ii) detector and with X-ray detector are also described
in this chapter. The use of a Ge(Ii) X-ray detector in the
e~ = vy coiucidence neasurenents of 144Ce has nade it
possible to solve the ambiguities in the literature con-
cerning some low energy transitions and in tho placing
of the upper excited level in 144Pr. The results can be
taken as the nost rcliable ones obtained so far. OCur
results agree best with Geiger et al (1960,61).

Chapter VII describes sone tal (T1)/Ge(Ii) v - v
coincidence measurenents of 207Bi and it is possible that
these are the first neasurencents on 207Bi with this

type of equipnent.,
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CLaArTaoit I

Introduction on the scone of B-y ray spectroscony

The discovery of radioactivity by Bequerel (1896)
has been the source of rwuch information on nuclear and
atonic structurc. Though the discovery of radioactive
rays occurrad long bzfore, nuclear spectroscopy started
actually after 1911, Chadwick (1914) discovercd the
continuous distribution of electrons which formn the nain
nortion of the P-spectrun apd they alone could‘bo identified
as disintegration clectrons, whereas Von Bayer, -.ahn and
Meitner (1911,12) discovered the presence of definite
encrgy lines in the B-spectrun known as conversion lines.
The analysis of internal conversion in B-ray spectra of
the natural radioactive eleients was nade for the first
$ine by Von bayer and ahn (1910) using a non focusing
nagnetic spectrometesr, Chadwick (1914) used in his exper-
nent an inproved form of magnetic spectroneter with a
particle oounter,‘ In the course of‘developngnt in e;peri—
nental techniques, B~ - ¢~, ¢~ - e, 7 -y , Yy - e, and
Y — Y coincidence experinents have been carried out by
nany workers in the study of decay schenes of isotopes,
The prescent work is concerned with studies of the cascade .
nature of y - rays in the decay of 144Ce|and 2O7Bi isotopces,
by observing cpnversion clectron spectra, y-ray spectra and
naking e~ - e7, ¢~ - y and y - y coincidence measﬁrements.
4 prolate spheroidal field B-ray spectroneter and a
nagnetic lens spectroneter were used in e - e~ coincidencé

experinents whered: a Ge(Li) X-ray detector was used in

/conjunction
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FIG. 1.1. DET.ill. DIIUTING OF F1IB ]1AI"l& SFECTFOMETER

(Evans et al. 1958).
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conjunction with the large spectroncter in e - ¥ coincidence
. D 207 4=
neasurerents. The y -~ y coincidence neasurenents on Bi
were carried out with a 5 cc. Ge(Li) detector and a MaIl(T1)

counter. an inproved techniquce of electrospraying nmethod has

been arnlied in the ureparation of the thin uniforn B sources.

The Prolate spheroidal fizld B-ray spectroneter

The focusing properties of prolate spheroidal nagnetic
field were inyostigated thooreticaily by Xichardson
H.0.W. (1949), 1is computational analysis shows that the
TOYS With enxilssion anglce of nearly 30° nossess two focal
dings, onc of then ncar the cequaterial region and the other
close tc the axis. The narticle focusing properties of
the prolate s-heroidal ficld f-ray spectroncter was
further studied by Michelson and Richardson (1963). 4
description of the spectroneter appecars in the paper by
Gvans et al (1958), SOpc further podifications have been
describod by Hichelson, D, (1961), and its automation by
Freach, 3. {1966)., i detailed drewing of the unnodified

large spectroncter (fvans et al, 1958) is shown in Tig. 1.1.



The Snall Spectroneter

It is a.nediun size nagnetic lens spectroneter.
The source and the detector are placed 28" apart
outside the nagnetic field which mnalke it suitable for
coincidence measurenents. 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. I!fichelson (1961) described the
baffle systen and gave detailed diagran of the spectro-

reters arranged for e~ - e~ coincidence neasurenents.



CilAYTEZER II

Medification of the detecting systern of spectroneters

In the previous deteptins systens of the spectroneters,
EMI 95140 photorultiplier, ME 102 plastic scintillator were
used Ly Freenman (1950) and Zvans (1958) in their B-vy
coincidence experiment and Ly Ifichelson, D.(1961) and
frenchi, 8. (1966) in their B~ - B~ coincidence experinent.
It was decided to improve the tinin; resolution of the
coincidence systen by usinz a fast nhotomnultiplier, a fast
scintillator and fast discrininator for both the spectro-
neters. This chapter describes the nodifications in the
detectin;; systen of the larpe and the snall spectroneters.

The lar~e spectroneters

The previous detectin; systep of the lare spectroneter
was replaced by a new 1liht uide, NE 104 plastic scintilla-
tor, 56 AVP photomultiplier and avalanche discrininator. In
place of M0, a special type of reflector Il 56C has Leen
used. The fuclear Interprise naker clains that TE 560 has
efficiency nearly 15% over the packed I4;0. Two types of
lizht uide were tested, cne was a straisht lisht suide as
used before and the other was an equiansular spiral licht
uide. . fFron comnparative studies of their pulse heisht
spectra, the equianpgular spiral light guide was found to
have a better perfopmanoe t@an the straisht one. Descrip-
tions of the IIE 104, IE 560, nmachinin;; and polishing of the

lisht puides and the phosphors are given below,

NE 104: It has a very short decay time (=~ 1.9 ns),
shortest of any commercially available plastic scintillasor

/having



(v)

(c)

(@)

-5
havin; light output approximately 65% relative to anthra-
cene, The wavelensth of maxinun emission is 4050 Au.
1T 560:= The ITi 5GO is a special lrind of reflector which
adheres to the plastic phosphor and is resistant to nechani-

cal shoci. It consists of a special irade of Titaniunm-di-

oxide selected for its hiirher reflectivity.

Machinins and polishing of phosphor and lirht cuide

While machinin; the phosphor on lathe it 1s essential
to talkke care of minimum surface-heatin:; and nininum tension
in order to avoid the apnearance of crackin;; after finish-~
inis. Therefore the phosphor is lishtly clamped using a
suitable soft nmaterial to spread the pressure over a large
area. Iiacksaw with soapy water was useq for cuttin; the
phosphor. While drillins in the lathe, soapy water was
used as a coolant. .The scintillator was turned on a regular
netal cutting lathe, preventing vibrations by controlling
the speeds. Turnini: lines were remnoved by hand rubbing at
right angles and usings 500 grade silicexe carbide waterproof
polishing paper with soapy water. Final polishing was done
with I.C.I. perspex polish MNo,1 followed by Ho.24 on a fine
rsrade cotton-wool. Similar procedures were adopted in
cutting, and polishing the lisht guide. In order to et rid
of any ;sreasy substance, both the lisht guide and the phos-
phor were washed in a soapy water and then in running tap

water. They were dried with cotton-wool.

Rine 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 Freenan

/(1960).
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(1960). They used a packed M30 powder as a reflecting

substance while in present experiment coatings of IIE 560
paste were used to get licht reflections. The vhastewas
at first diluted with distilled water in the ratio 1:10
and then stirred well with a wooden stick. A thin layer
was deposited on inside the cone of the phosphor, a second
. coating was nade when the former was dried. Eight such
coatings were sufficient for a jo0od reflection. The 1lirsht
guide with conical shaped phosphor is shown in ; Tig. 2.1B
The phosphor is screwed on to a 3/4" perspex lisht juide
and an optical contact is achieved with a silicone fluid.
The light (uide passes through a brass tube and is optically
coupled on to the 56 AVP photonultiplier. The photormulti-
plier is mounted on a spring base. An O-ringz vacuunm seal
is used between the lisht guide and the brass flanse., The
photormultiplier base stands on a black thick rubber flange
conpressed a;ainst another brass flange., This is done in
order to achieve lizht-tishtness of the photonultiplier
can. The details of the pB—counter with straight 1lisht
iguide and 56 AVP photomultiplier are shown in Fin, 2414
The photocathode of 56 AVP photomultiplier ig the nost nmag-
netically sensitive region for the electrons, therefore the
photormulbtiplier as well as a portion ( 2") of the lijht
guide were surrounded by two coaxial p-netal tubes.  The
purpose of using p-netal is to shield the photomultiplier
from naimetic fields of the surroundings.

The 56 AVP photorultiplier circuit is shown in

Fig‘ 2‘3..
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(e)Equianiular spiral lircht cuide

4

Various ncthods have been adopted by different wericers
to inprove 1liht collection efficiency. Gerholn (1955) in
his e” - ¢  coincidence experinent used a lucite 1lisht
guide machined to a certain profile in order to get a naxi-
murt ligght collection. An efficiency of nearly 60% was
reported by hin for the total ruide of lenith 22.5 cri.
Tove, P.A. et al (1956) used two different lrinds of 1i it
cuide (1) a sinple losrithnic spiral with an input diameter
of 14 mn and 21 mn lon:: and (2) the other based on Gerholn
lirht suide. oth these were reported to have collected
all the lisght comins across the input surface,

Following an exponential decrease in transmitted 1lisht,
they found a transmission of 456 of lirsht over a path
lenth of 1 neter suide pipe (plexislass).

An equianpular spiral light suide 12 5/8" long and
4/5" in dianeter nade of perspex (p = 1.49), designed by
I.0.%W, Richardson has been used in the lar;e spectroneter
throuchout the experinent. The head of the 1lisht ruide
is shaped in order to et total reflections from the sur-
face., The idea is to get a naxinun light collection effi-
ciency combined with a mininum diameter to the light puide.
The advantage of using the mininun diameter of the lisht
suide is to get the 1lijsht concentrations on to the nost
sensitive part of the photocathode and also the transit
time variations of the photoelectron path lengths beconme
smaller. A detailed diarran of the equiangular spiral
lissht ;uide is given in °  TFig.2.2B, The NE 104 phosphor
(1 cn x 1 cnm) is cenented on the spiral head of the light

s /izuide
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suide with a special optical cement MNE 580, Care was taken
to keep the phosphor at the centre of the head and renove

all air bubbles fron the interspace, if any.

2. 56 _AVP Photogp}pipliq?

Nuclear particle detection requires usually a good cnerg
resolution as well as a hish detection efficiency. A high
tine-resolution is essential in fast coincidence experinents
and in life-tine measuremcnts which require a fast scinti-
liator, a fast photonultiplier and a fast discrinminator. |
The 56 AVP photonultipliers were used in boph the snectro-
neters. They are very fast photormultipliers, having anode
rise tine 2 ns, low dark current and a hirh gain. Their
characteristics with voltare divider A as given by Phillips

are listed helow:-

Supply voltage for gain 108
Averare 2.2 kV
Maxirunm 2.5 XV

Dark current at gain lO8 (neasured at 25%)
Averare 0.5 pa
Maxinun 5.0 pid

Anode Pulse rise time at 2.5 KV = 2 ns

Transit time difference between the centre of the

photocathode and the eige at 2.5 XV is 0.5 ns.

Bellettimiet al (1963) nave studied in detail the effect on
the pain and linearity of 56 AVP of variations in inter—
dynode voltages. Iynan et al (1964) have given the

/technique
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technique of optimising the pulse shape and linearity of
the 56 AVP. Theyused a small 50.7. Subminex co—axial
connector on the snode and unused pin and found the full
width at half naximun (F, W,I1I,M) of anode pulse as 2 ns
for infinitely short light pulses. In our present photo- .

[Fiez3a
rnultiplier circuitk 2090 damping resistors were used in the
anode and the last dynode in order to avoid ringing. A
100-N. anode load resistor was used which matched with the
transnission line (impedance 1004\).

The theoretical calculations of Wekab and Hane (1962)
indicate that the mdjor tine spread orisinates in the re;ion
between the scintillator and the first dynodc. The
recormended circuit No.A by Phillips was modified to suit
the requirerients. The current Tflowing; throush the poten-
tial divider chain was nearly 1.25 nA. The voltage between
the cathode and the first dynode is three tines that of the
voltage per stage in order to et a better collection effi-
ciency, The focusing variable voltages Vd3 - d,, V4, -4,
and vgl - &k are those recormended by fhillips. .They act as
a fine and coarse control respectively. These controls are
adjusted for a neximun anode output. Enerir signals are
taken from the 10th dynode with 100% load resistor. As
mentioned previously, the anode load is also kept 100 4L
in order to match the transmission cable and damping
resistors of 2041 were used in the anode and 1l4th dynode
in order to avoid rin;;inz. he F.W.I1.lM. of the anode out-
put pulse is ~8 ns (Fig.2.4{9
The anode pulses are similar to those found by IHyman et al.(1964)

' /In
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In order to avoid electric-field disturbances in the electron-
optical system, the external couducti?e continy M (pin lo.
18) is connected to the cathode potential which is earthed.
The last stases of the tube are decounled by neans of
capacitors in order to avoid serious voltaze Jdrop across
the dynodes. The reason for usin: a 100 Manode load
resistor is that the tube is copalhle of producing a very
hish pealt current nearly 1A and therefore the output tinme
constant st be very siall, The voltase divider circuit
with avalanche discrininator and cathode follower is
shown in Fi;. 2,3, fim. 2.24 shows the equianisular
spiral litht cuide with N3 104 rlastic scintillator and

56 AVPE photormltiplier for the larise shectroneter.

%. Conparative studies of the strai~ht and equiansular 1itht

uides,

The conparative studies of these two 1lisht suides were
done by studying the pulse-keisht snectra of sone of the
conversion lines of 14406 with the large spectroneter, The
detector with each 1li ht guiﬂe in turn was set on the naxi-
nun P-ray counting by plottin; the axial distr;bution of
p-rays intensity near the detector (Chapter III,Sec,é) Pulses
fron the 10th dynode were fed throush cathode follower nnd
phase inverter into the I.D.L, wide band anplifier, the
output of which waa displayed over the Intertechnigue 400
multichannel analyser. The pulse hei;ht spectra taken with
fhe two lisht juides wnder the same conditions are sbown in Fig.

2.5,4,B,C,D,E,MeThe sirmal to noise ratios in each case are
listéd in table 2.1. On comparin; the siznal to noise

/ratio
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ratio, the perforiance of the equianzular lizht ;nuide
was found superior to that of the straisht 1i it uide.
Jdence the equianular liht ;;uide was retained in the larace—~

cpectroncter throushout the experinent.

Talbile £al
e — 4~

' ; Straisht 1iht | Bquiangular 1ich
, | cuide j cuide

mersy
rin kev 91 38.12 91  33.12 26.7%
|

signald )

noise G:1 7:1 13:1 8:1 5.6:1
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4, Modification of the detection cysteri of the snall spectroneter

‘The detector of the swall‘Spéctroneter Was npdified by
inserting a new phosphor ITE104, & new 1liht ;uide, and usin:
a 56 AVY photormultiplier (i, 2,6). The phosbhor I 104
(13" diameter and 1/8" thiclk) was cenented with ITE 580
cenent on to a pplished surface of the perspex 1i ht -uide
(diancter 1 3/4", leun;th 8 5/16"). The photorultiplier
and a portion of the lisht suide (1 3") were surropunded by
two coaxial p-netal tubes, The photormultiplier circuilt is
the sane as in the case of lare spectroneter. The enecrsy
simal is talten from the 10th dynode. An increase in the
sulse voltase of the 91 lieV conversion line of 14406 over
that tilten with the lar;;e stoctromner susj;ests the zreater
ontical transnission of detector in the snall spectromncter,
The sinal to noise ratio for the 21 keV line 1n the laree
spectroneter was 13:1 wherens in the snall spectrometer it

was 15:1 (Fi,;.2.57).

5. Cathode follower and phase inverter

The circuit dia;rans for cathode follower and phase
inverter are shown in - . Fis. 2,3, They are the sane

as used by Ireenan (1960).
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1, ©lectronics for ¢~ — e~ coincidence experinent

(a) avalznche discriinator:

Standardiswbion of fast pulses of different cueriiies
is desiroble where tinin: sclection aad fast coincilouce i3
rceauired, aval.nche tronsistors are readils usel in fast-

discrindinator circuits, ~s thwer droduce i very rLast and Lio
hulse at  very low currcut. irecnan (1950) Ivans (1958)
and ichelson (1961).used G AMS Vﬁlvg liniters in their fast
coincidence channels, whereas Freach, 3. (1096) used ASZ23
avilanche transistors in discrininator and in adder
circuits.  lennce, T.W. (1968) prefers Fairchild Silicon
211914 transistor in life tinme neasurenent experinents
becruse of its superior rise tine, large sisual output and
better reliability The 2914 avalanche tracnsistor has
been used in fast discriminator circuits throughout,.
¢ -e , e =7y and y - y coincideunce cxperinents The
avalanche discrininator circuit (i, 2.% ) is based on the
desi;n Ly Dennce with sone adjustment.

Tie base is ;‘rounded to earth by lOOJL.r?Si%tOP.' wlas
is applied on to enitter throush resistors Re, Re' and de-
couplin; capacitors Cd - cd'. Cubput is taken Iron the
collector via a variable capacitor C. The anplitude and
tine constant were adjusted to desired values by varyin:;
the value of C and leepin; load resistor RL constant. The

vdluze of load resistor RL was kept 100V in order to match

/the
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inpedance of transnission line. The use of inductance of

5 nil in the power supply line and the bias line is to

protect power supply and other units aainst the raflected

avalanche pulscs.  The anode output is inverted by a trans-—

foriier and «a positive tri - cr pulse is o2pplied on to the

base of the transigstor 211514, Rinsint in The oubtput pulse

is roduced by nakin o the connection leads as short as

possible.  The avalanche oubout pualse is shown in' Ei342.4d.
The whole circuit is lzept in a copper box, rounded

to earth. The connectin: lead frot anode to the base of

transistor is nade as short as nossible,. The Lias on the

cniitter is adjusted to cut off the noise level. The

circuit con tri-scer input down to 0.1 volt.They produce very

fost standard output pulse of #F.W.il.l¥Bns,

Cbﬂbgt coinciderice unit

A Harwell 2035C tyne fast coincidence unit was used
throu ;hout the coincidence experinents. This is a tran-
sistorised nultichannel coincidence unit havin” 4--coinci-
dence input channels and 2 anticoincidence input channels.
'The mininun coincidence resolvin,; time as clained by the
nanufacturer is 2ns. The output pulse fron the avalanche
discrininator satisfies the innut requirencents of the
coincidence pnit. Three P ¢ T sockets are associated with
cach cliannel, two of then are internally connccted in
parallel - one is called IITPUT and the other is called
TERMINATE, The "DIRMINATE" is terninated with a 100-fL

ternination plu;. The third socket marked as "Clipping

/line
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line" is terninated with an extra lenrth of coaxial cable
which deternines the coincidence resolving tine. The
particular channel is switched off when the coaxial cable

is talten out. The unit provides two types of standard out
pulses (sce Manual AZ55 (R) 11078), one a fast narrow
nesative pulse aind the other a slow pulsce of =7V amplitude

and I W il 11 = 0.5 ps. The slow output is used to derive

the tarwell type 201950 fast scaler.

(c) Blow coincidence unit

The slow coincidence unit used in y - y coincidence
experinent was a larwell 2013 type. The unit consists of
two channels, one a coincidence and the other an anti-
coincidence. It is provided with input gnplitude discri-
minator controls (Disc "A" and Disc "L"), delay range
switch "A"™ and "I" and a resolvia; time range selector.
The two discrininator controls provide a continuously
variable threshold level of +1.5 V to 11.5 volt. It
rejects the nesative ;oing pulse provided the overshoot
does not exceed 1.5 volt. It also accepts a negative
soings pulse up to 1.5 volt and rejects the positive 3oing
overshoot not excecdiqg 1.5 volt. Standard negative

output pulse is producsd at the three sockets (i) scaler A

(ii) scaler > and (iii) coincident or anti-coincident output.

2. Adjustnent of the lar:ze spectrometer

The axial distributions of B-ray intensity near the end
of the phosphor were plotsed (Fig. 3.1) when the large
spectrometer's current was focused on the peak of 91 kev

/conversion
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14400 and 148 keV conversion line of

conversion lince of
Thil. The axial position of the detector was set Lo

the naxirmn countin g rate of p-particles.

Conversion lines of Thi and calibration of snectronsters.
soth the larse and snall shactrometers were calibrated

with conversion lincs of a Th.: source. The 31it opening

of the large spectroneter was kept narrow and transiiission

4% of 4m. Conversion line spectra of Th.B source arec

S

shown in Fi3.3,2 & 3,%3. Resclution for Th B - I line
with 5 mn deposit on a nctallic screw head was 0,8%.

The Th.D conversion linc spectre taken with small

spectroneter with wide slit orpeuing are shown in the Fiz. 3,44,

and the resolution for Th.B I line was 5%.

Test of the spectroneters using pulse heiht analysis

Pulse height spectra of different conversion lines
talien on both the spectroneters are shown in Fig.2.5.
The transmission of the large spectroneter was found 1.6

times that of the snall spectroneter.
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&, lcasurcncnt of the transnission of lar~e-spectroreter

The transaission is expressed as the ratio of counting
rate at the peal of Th.B - I' linc to the total I line
lutensity. The Bendix Gricssen tyoe 13200 o counter

-

was nusiked with o 1nad to represent 1 en™ anerture anl the
source was bloced at a distauce of 2.4 cns frow the
counter. The solid anle d.Jusubtended ot tho aource Ly
the apesrturce was zolculated ane the a=-particles enditted

in the solid anijle by thie daashter nucled (Th 27 + ¢')
were counted after allowing a sufficient tinme ( .. 21 hrs.)
te elapse so that the Th (C + C') 1li: in ecquilibriun with
its parent Th.t. Thus the total a~particles collected in

sclid ansle of 4m was neasurod. The disintesration rote

was caleculated Wy multiplyin; the decky constant
/ }ﬂ\»C -*)V“&B' hy o countin; rate No
Tha
which is cqual to 14 7\3‘\«0' ’>\'“\B
AThe

= 0.9 . (1)

The ¥ line intersity »er disinteration is 043 (Martin
and Nichardson) (2)

Fron (1) and (2) the i line intcnsity was determined. The

b

countin; rate of Th.B - line was corrccted for decay.
The transnission t'ws neasured was 44% of 4n and resolution

0.8/
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Mapnet cower suonplies for lares anl soall sectroneters.

Current in the large soectroneter was suppliel by the

sewpnrt Inctranent tooo C225. Mfteen large ca acity
accurnalators were uscd to su.oly nagnetising current in
siall o zctroneter.  Details ol rosistors are given by
Jrench, 3. (1966). Jurrents in botlh larpe ald snall

soectroneters were measurel with Tinsleyv otentiocseter
» . 2

ty, ¢ 43631 acrocs a standar’ resistor.



‘ Prevaration of B - sources

Trntrotinction

In the stuly of low cneryy pg-.articles it is essential to
Leen the thic'mess of the source and haciding as thin as Doss-
ible. Jusa:illy two inportuaat noints have to bz talan inte
consideration; rirstly to reduce the absor tion of B-rays in
the sarmple, an'l secondly to avoid bac': scatberiunrs fror the
baczing.  The bac!t scatteriry; cruses increase in low energy
electrons whereas the thicls sovrce reduces the p-ray cnergy.

These two effects jroluce distortion iu the B-siectrun.

Preraration of thin filns

vfmile reparing the thin filn, the following corsidera-
tions have to be ﬁuken into account: the.film slicull have
uniforn thickness, good tensile strength, good lasbting
vroerties, low comrosite atonic number in order to avoid
bacli scattering, and high resistance to cheuical reagents.
Alwiiniun filn as thin as 130 p gn/oug could be obtained
but it is thiclier than plastic filn. Sorme authors have
used filns of nylon and formvar. Yate and Yaffe (15562)
sungests a better organic raterial VYINS resin which consisus
cf vpolyvinylchloride acetate copolyner. This resin was
chosen for prevaring the thin filn. A nixture of one ,art
of resin in 9 narts of cyclohexanone by weight was prepared,
a vooden scale was Dlaced at one end of the sinlt filled with
water. & few drous of VIlTS solution were pivetted along

between the scale and the wall of the sink.  The wooden

/scale



(a)

20
szcale was released and tho solution was allowed o e.gand
over the eutire araa of the sin’:, The Ffilns were then
lifted by o wire franc,. Unifeornitcy and thiclmess of the
filn depends on the suced with which the barrisr is noved
arnt on the anantity of solution. The filn was fixzed on an

aluiiniun ring for experincents.

Devosition of Aluminiwn laver on the thin £iln
e 1l

dendering the film conducting is essential otherwise
1t will distort the electric ficli by acting as an insula-
tor., If the filn were not conducting, it nmay buildl up a
charge due to enission nf charged larticles from the radio-
active derosit ow the thin filnm anl therebdby charnging the
velocity of the electrons. 4 shift in the p-spectrun of
14406 for the 38,12 keV linc was foun! btowards the low
energy by as nuch as 16 keV when insufficient quantity of
Al was deposited on the V175 resin film, The film can be
peinted with aquadag, but because of its large size grains,
a thin layer can not be expected. The stronz denendence of
bacl: scattering on the atomic number necessitates the backing
to be nale of low atomic nunber, Crganic conpounds and alu-
niniun are, therefore, nost suitable for backing purposes.
The Edward coating unit (type 12% 115) has been used for
depesiting an aluniniun layer on the thin filn. A few
snall pieces of aluminiun were hung on the tungsten wire of
dianeter C.5 mn across the filament terminals, The Al-ring
Supporting'the filrn was placed on a nica sheet having a cirr
cular hole, at a distance of 16 cms above the filament coil,

in order to protect the film from overlcating, A current

Jof
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of 1% Aﬂpere was passeldl through the filarent coil for about
two ninutes, while the pressure inside the chanber was 10"9

mi1 Mg, a4 roush estinetion of thiclmess of aluminiun Jdeposit

could be made by observing the change in colour of the filn.

Measurenent of film thiclmess

There are wainly three nethods of neasuring film thicli-

-
G-

")

n
(1) Gravinetric (ii) optical and (iii) absor tion of o-
radiation. The gbsorption o o~.article technicuc was de-
scribed by Vrench, S. (1966) while neasuring film thiclness.
241£J1

The same technique has becen a»lied in this worlk,

isotope was used as an o-source. The c—counting rate for
different distarces between the source and counter was
recorded when the film was interposazd and also when it was
not there. The results were plotted in Fig. 4.1.

The thiclmess in pgm/cmg was calculated by nultilying
the air equivalent & by the density of air. The minimun

. . . . , 2
film thiclmess used in the exmeriment has been 25/pgr/cn .

source prenaration

As nentioned in the nrevious section of this chapter,
the oreparation of thin uniforn sources on thin bhacking is
essential in studies of low energy P-rayse. beveral
nethpds, €efSe evaporatiop of a solution under an infra red
lomp, vacuun evaporation, electroplating and electrospraying

“methods have been suggested by Yarffe (1562). Bvaporation
of solution under an infra red lamp produces a non-uniforn
deposit. The material concentrates in large crystals and

/forns



forns a ring shaped deposit at the perivhery of the dron.
Unifornity can be achieved by adding insulin, colloidal
silica or cupric ferro cyanide to the dro. before evapora—

tion but they add to the sourc:e thiclmess. Zlectroplating

J.

technique [ roduces a uniforn thin =ource but iz linited to
certain materials, The electros raying uethod has been
found nore successful in preraring pP- scurce. The advantage
cr this tecnnique 15 that the loss of solute is srall and

thin substrates do not becon: overheated.

Llectrosy raying nethod,

e

The electros,raying nethold was first proposed by
Carswell and Milsted (1957). In this technique the naterial
to be s rayed is dissolved in an organic liquid and then kept
in a glass tube drawn to a capil;ary at one end. The anode
connectad to a high voltag: supply is immersed into the
licuid. The foil on which the 1liguid is to Dbe sprayed is
coniiectsd to the cathode. Un apnlying a suitable voltage
bhe 1liquid is forced out of the tube and dispersed in fine
dronlets over the film. Brunix and Itudstan (1961) uscd
this technique and investiggted a nunber of variliables.
Verdingh ani Lauer (1963,64,67) ,refer hypodermic needle
connected to the glass container which allowed a constant
flow rate. Michelson and Richardson (1962) used a
straight glass capillary for making pB- sources. The
disadvantage of using a straight capillary tube is that a
constant flow rate of liquid cannot be maintained.

Recently Michelson (1968) has found a pyrex capillary bent
twice at right angle more suitable in the preparation of

thin source.
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(a) sxoerinental arrangenent
The experimental arrangeaent is shown in Mg,

5.
(a)

The a paratus consists of n circular brass wlate covered with
plastic in order to protect the netallic surface from con-
tanination. - The walls and to,. of the box are nade of
cers-ox.,  dhe 1id is provided with o few holes Tor ventila-
tion, The whole systen stands on levelling screws. it
capillar; jet of yrex tube of U4 mm I.D. was drawn in an
xygen flame while rotating thie tube in a hand-drill and
letting it fall vertically wnder gravity (ifichelson and
Lichardson 1962), The horizontal positicu of the tube
keeps the hydrostatic pressurce constant which is not ossible
with a vertical tube. The dianeter of hole at thé end of
the capillary was C.230 ru: whereas that of the central wire
was 0.229 mm. The end of the wire was kept nearly 1 mn
above the tin of the tube. 4 central wire of Pt.-Ir alloy
was »nreferred as 1t 1s not attaclied by acid nor doesz 1t under-
go corrosion. The tube can be noved up and dowm by adjusting
the brass thread. The horizontal rposition can be adjusted
by slicding the tube through the hole, The discharge (heno-
nena and fornation of dron abt the ti;r can be ssen through
a nicroscope placed in front of the box and using a lamp at
thc baclz,

Soraying conditions

Choice of capillary and central wire

The critical size of capillary and that cf the electrode

is an important factor for a ool spray. 4 number of cap-

illarics of diffecrent diametzrs were tried and a sultable
combination of capillary and wire was chosen for the

/experinent.,
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experinent. A quicl: test, as suggested by Brunix and
Hudstan was carried out by filling the capillary with licquid
and inscrting the central wire near the tir of the canillary.
Tl combination for which the liquid dropped out were rejected

and that with which no liquild drop, ed out was scloected,

(p) Cleanliness of the capillary

The wire and the capillary were degreased first in
chronic acid and then washed with distilled watcer Care
was taren not to leave air bubbles inside the tube as they

cause drops to fall on the target.

(C)Qhoice of organic solvent

dor a good spray, the solvent should have (1) low
surface tension to checlk the fermation of big srops
(1) high varourc pressure to accelerate the process of evi-
oration
Hith a nixture of alcohol and wabter (50:50) no soray coul.l
ba obt@;nei. A nixture of alcohol and water (66:54) was,

however, found suitable for a good s ray.

6. ~reparation of Th B sources.

Th B - sources were deposited on the platinws: spiral.,
The active deposit from »t.wire was dissolved into a few
drops of %6 Hel acid and then dried under an infra red lamd,.
It was redissolved in a nixture of distilled water and
alcohol (34:66). licarly 50 per cent of active denosit was
taken out of the pt. wire., The radioactive solution was
then talien into the capillary and sprayed on a thin

/conducting
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conducting film, The resolution of Th B = 1! line with
Y 1 dirneter of socurce deposit with the large shectroneter
was 0.776% which was comparable to that obtained by ion
collection frow thoron on a 5 rrnt dianetoer metallic screw
( 0.86963 This revealed indirect evidence for the uni-
fornity of the source deposit,

The quCe - source

Ceriun - 144 source was obtaincd from tho tadiochemical
centre at amersham as a solution in I.licl. A few drops of
the solution were evaporated by an infra red lanp. It was
then dissolved in Dil. I'T/lO ;£ 03, The solution was again
dried under the infra red lamny and the nitrate was dissolved
in a mixture of distilled water aad alcohcl. The solution
was then sprayed on an aluninised thin film. The reason for

dissolving the chloride salt in dil. - 0% was because .icl

attaclzs aluninium. After dissolving in dil. %O )3 it
secus ¢ssential to get it dried again otherwise an i1crease

in the proportion of water malies spraying difficult,

The distance of the capillary tip from the target was
kept about 1 cm. The discharge cvrrent was fairly constant
showing a stable snray.

14400 - source

Uniformnity test of
w The unifornity of the cerium source deposit was tested
by counting B-particles with a plastic#scintillator. The
counting arrangernent is shown in Mg, 4.5, The p-rays
were collimated through af 0.5 mn hole in #" thick lead.

To achieve a better collimation 1 mm thick copper plates

/having



collimating hole were fixed on both sides of the lead, The
source ring was wved with a nicronetar (not shown in M)
Tho flat top in Jig. 4.3 shows a uniforn devosit throughout

the region. The source diancter wazs approximately 7 mm.
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Decay schoene of Ce

144

The Ce nucleus is a fission product which has a

half life of 285 ays and decavs by the cmission of B= rays
44

and y=rays to the ground statc of which further decays

to 1*™id with a half 1ife of 17.5 minutes. The odd—odd

1204 . . 1
nucleus r has bcen studied by various worlers by reanc
of the B- spectrun and conversion lines, = - e=, e~ - e~,

- - and e— = iricicdience neasurenent Tneross
Y=Y, B Yy and e Y coincidence neasurernents., ISnerg:

. 14/‘1‘“) ~ ~ - = () e 1yl - — 1A%
levels in Zroat 133 eV, 100 eV, 80 keV, and at 59 keV
are well established but contrgversies still exist

. . A - 1ad . 1
concerning, the highest esxcited staete in the ~T nucleus.

The decay schernes proposed by several worliers are shown
in dig. 5.1, .

Jorter and Cool (1952), Pullpan and Axel
(1956) , .lickock, lickinley (1558), Jengupta et al (1959)
Geiger and Grahan (1960,61) and fasching et al (1970) placed
the upper excited state at 134 keV; Cork et al (1S54)
at 225 keV; Leller et al (19531), E;%rich, Auth and
Kurabatov (1954) at.l75; TForafontov et al_ut 145 eV ard
Treenan 11.J. (1959), Iwashita et al (1963), Mangal and
Trehan (1969) at 166 keV. In spite of the contrgversies
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

i

freeran (1959) through an extensive study of
conversion lines, [~ s ectra, B~ y and e~ - y coinci:ience
neasurencnts proposed the decay scheme of 14400 with
highest excited level at 166 keV., In his coincidence
neasurenants he fowrl the COQVQrsioh line of %3.57 loV
transition in coincidence with the 133%3.53 keV y-ray.
His conversion electron sbhectrur: shows conversion lines
assigned to 66 eV and 86 eV transitions ani the Jerni-
kurie analysis yields 135 keV B-feed to 166 eV level.
The conversion lines s ectra, e~ — vy and vy =y coincidence
neasurerients of Geiger and Grahan (1950,61) show no
evidence for the existence of an 166 keV loevel auq asaizned
the highest excitel lavel at 133%.5% keV. .However, ther did
not rule out the ossibility of an additional weak conver-—
sion line of energ, ~~ 34 XkeV feeding.the 133.53 keV level.
The conversion line studies of Geiger, Grahan (1960,61) are
nore reliable as they were neasured at rionentur: resolution
of U.1%. Iwashita et al (1959) in their vy - y coincidence
rieasurcnients found the nresence of a weak pealr at 66 keV
in coincidence with the 100 keV y-ray and thus confirned
the existence of a 166 keV level. Their y = y coiumcidence
necasurernents show a weak y-ray of 92 keV in coincidence with
the 41 eV 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

v ray in cascade with ths 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 wealmness of the transition.

/The
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The v - vy coincidence, sun pealr coincidence and y-y angular
correlation measurenents by Mangal and Trehan (1969)
supported I'recmnan's decay schene of 14469 and assigned the
highest excited state in 144Pr at 166 keV. Thus the possi-
bility of the existence of two y - rays of nearly 33 keV
energy and hence the existence of the 166 keV level in 144Pr
is still to' be solved.

The Spip and parity bf the ground state O~ has been
well settled, whereas those of the dis utable levels,
eg. 166 keV, 92 keV and 146 leV &re_still to bQ confirned,
The spins and parities of 1%3.5% keV, 99.95 keV,'BO.lg eV
and 59.05‘keV leyelshuve been reasured by Geiger, Grahan
(1960,61), Burde, Rokavy and =nsler (1962) .nd Iwashita
et al (1963). The y-y angular correlation and y - y coin-
cidence neasurenents of Iwashita et al (196%) assigred a
value of spin and parity 1= to the 160 keV level. attenpts
have been made by different authors to interpret the level
spins and parities on the basis of different nuclecar nodels.,
The failure of the single particle nodel in interpretation
of the level s.ins and parities was that it assigned 17 to the
ground state of 144Pr in contrast with the exyerinental value
0~. The interpretation in terms of the unified nodel by
Geiger and Grahan (1960) has been nroved nore coagistent
with the experimental values. Burde et al (1962), and
Iwashita et al (1963) have attenpted to interpret the levels
in terms of the shell mnodel.

Till now all of these authors have used Lial (T1)

scintillators in the studies of y-ray spectraand

/B~ = v,
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148400 ra1(T1)

B~ - v, e~ - vy coincidence neasurcicnts of
scintillator has a high efficiency but a poor resolution and
30 the closely spaced low energy y-rays in the decay of

l‘/-l-‘l'l- - . o 1 .

Ce could not have been resolved by theni. The interest
lies coprecially in the i - { ray region where the 33.57
keV y-ray is very close to the .. X ray _hobtopealk. 1lone has
attersted o+ . v aele o 144 . .
attenpted to study the Jdecay scheiie of Cc with Ge(Li)
detector and nagnetic spectroneter.

I the present work an inproved technique hes been ajvlied

A . . 144
te stuly the present anomalies in the decay schene of Ce
. : L. U - * 0 P ] r . lbuﬂl- T
- ¢speclally the existence of the 166 keV level in Pr.

4 5 ce Ge (Ii) detector and a Ge(Li) X-ray detector have been
used in th2 studies of straisht y-ray spectra of br.
The ¢ e~ = ¢~ coinciderce measursents have been nade by
using a nagnetic lens spectrometer in conjunction whth a Prolate
gspheroidal field 3-ray spectrometer. They are described in
this chapter., The e~ - y coincidence neasurcnents have been
A2de by using the Ge(lLi) X-ray detector with the large

J o
spectroneter (sec ChapterVI),

a4

Conversion lines of Ce

Conversion liaes of 1440 were neasured with the large
s,ectroneter with mornentun resolution of 1.3% for 38.12 keV
line ( ig. 5.2). The source has been prepared by electro-
spraying nethod. The conversion line spectrur below 38.12
keV reasured with the snall spectrometer is shown in
Tig. 5.34. The ronentun: resolution for 91.53% keV line was
2.3%3t. This spectrun was talten when the slit opening of the

snall s;:ectroneter was ninirun.
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Arrangeient for e~ -- e~ coincidence

(a) Inbroduction. The importance of coincidence counting

technique lies in identification of wealr lines which are
not weil revealed in single [ or y s ectrun, in the studies
of cuascade nature of transitions and in rieasurenent of
lifetine. Ia vuhe present work e~ - e~ and e~ - vy coinci-
dence rethods have been used in the study of the decay
sciere of 1“409,

(b) Adventame of e~ - e coincidence over e~ -- vy and

Y — v coincidence

The e~ - e7 coincidence technigue has advanteres over
e~ - v and Yy - y coincidence techniques., In the foriier,
a high energy resolution can be arranged in both the
chennels without interference from the compton distribu--
tlon, whzreas in thelatter interference fromn cori:ton
clectrons cannot be avoided. In a magnetic sy ectroneter,

;(;kk)

viastic sciatillators are used which have considerably

4

o

faster rise tine than Tal (T1) scintillators and Ge(Id)

ietectors. Therefeors, a better time-resolution is achieved

with nagnetic spectroneters. In a nagnetic srectrometer,

the energy selectipn takes place before the particles

reach thas detector. therefore a stronger source can be used
without overloading the counter unlilke in a pulse height
spectroneter. The nain disadvantage with nagnetic spectro-
neters is that they have less collecting powers than scin--
tillation spectroneters and hence lower coincidence

counting rates.
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(c) ZEx-erinental arranrenent

In the present ¢~ - e~ coincidence exgerinent the
nrolate spheroidal field B-ray s.ectroneter has becn used
with a nagnetic lens (snall syectroneter) shectroreter.

48 the energy selections in both the channels are achieved
before the electrons arrive near the detector, hence 1t was
sufficient to use only fast channels in e~ - e~ coilncidence
neasurerents., This systen was previously used by fichelson

J. (1961), whereas rrench, 3.(1766) used a fast slow coinci-

dence systen. IIichelson used valve circuitry, L.7.T.

B

ghotompltipliers and e 102 plastic scintillators, while '
Zrench, S. (1966) irroved the fast channel by using
avalanche discrininators but retaining the existing
detector and photolultinlier. In the present worlz the
detecting systems of both the snhectrometers have been A
nodified (Chapter II), by using 56 4 V r© photomultipliers,
I'E 104 plastic scintillators, new light guides and avalanche
discrininators, An equiangular spiral light guide has
been used in the large spectroneter in order to inprove the
light collection efficiency. The tining signals are derived
fron the anode of the 56 A V P photormultiplier and are
inverted by a transforner to trigger the avalanche dis-
crininator circuit (¥ig. 2.%7)\), The bias on the avalanche
discriminator was lent above the detector noise level.
ITo deterioration in rise tine at the secondary of the
transforner was observed. The coincidence circuit is shown
’
in Tig. 5.4, The fast negative output ulses of
avalanche discriminators gate the Harwell 2035C fast

/coincidence
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coincidence unit. The coincidence pulses are counted with a
fast .iarwell 20198 scaler. The single pulses in the slow
line were counted to checlk the position of the conversion
line. uowever, the fast channcls were also used after every
reading to checi: the counting rate in a particular channel,
sinply by switching the other off. The coincidence circuit
was first tested by splitting the avalanche discriminator
artrut pulse into two and then feeding ther into the fast

coincidence unit. Delay curves on different conixer bias

settings are shown in ;> Mg, 5.5,
- - N o ; e 144
e~ - e~ coincidence neasurenents with Ce
_ - . . .neasurgnents )
The e~ - e 001n01dencgfof't1e“?~rays in cascade and

. . oo . . 144 . W

also of those which are not in cascade in £r are describoed belo
A

(a) Delay curves

The E. i1, T. on the photonultiplier of the large
spectroneter was kept at 2.2 kV while that on the snall
spectroneter was 2.32 kV. The 13%%.5% keV level has average
short nean life tinme of the order of 6.5 ps. and therefore a
oronpt curve is expected between the 91.53 keV line (1133%.53)
and the continuous p-rzy. 4 delay curve was plotted
focusing the snall spectroneter on the top of §l.5% eV
conversion line and the large spectroneter on the continuous
B-rays near the 41 keV region. The region near 41 keV was
selected as it was free fronm conversion line and also it was
near the 26.73 keV line. The purvose of the delay curve was
to investigate thé difference in transit time in both the
spectroneters of the electron-energies to be investigated in

/coincidence
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coincidence neasurenents., A 3" clipping cable on both
channels of the fast coincidence unit gave rise to a resolv-
ing tire of 14 ns. (Wif. 5.6). The change in transit tine
between 41 keV and 26.7 keV energy co:ies to ~ 3 ns which
is conveniently low in comparison to the resolving tire.
‘he delay curves foir two co-niixcer bias settings are showm
in Mig. 85 A,B . The chance coincidence rate was calculated
by introducing a big delay in either line which was found

-7 as
equal to 3 x 10 9c/seC/calcu1ated fron the relation
e = 271010,

(b) Ly 53.41 = V80 I2 coincidence

re

The s:all spectroneter was gated on the peal of th

O]

33.12 keV (I 80.12)1ine and curreng in the large s.ectroneter
was scanned. The 46.57 eV line (H_SB,&I) is hardly visible
in the sinpgle B-ray spectrun (fig. 5.7), whereas in the
coincidence spectrun (UMig. 5.8C) a big enhancenent in the
relative height of the 46.57 keV line is observed. IFig. 5.8D
shows the coincidence sj;ectrun when the snall spectrometer
was grated on the high energy side of the 58;12 keV line,

An enhancenent in the height of the 46.57 keV line in the
coincidence spectrun shows that the 3%8.12 keV line is in
coincidence with the 46.57 keV linec.

(¢) K 133.5% — K 80.12 coincidence

The &1.53 kel line appears in the coincidence spectrun
Tig. §7,8ovhen the snall spectrometer was gated on the top of
the 38.12 keV line. Ilo enhancenent in the relative height
of the 91.5% keV line is found. The appearance of the peak
ig " because of the cdincidence of the 91.5% keV line with

/the
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the continuous 3-rays. The conclusion is that the K 1%3%.53
is not in coincidence with the 1 80.12 line.

‘a) Iy #0.91 - Iy 33.57 coincidence

Mg B;BA shows the coincidence spectrun of the 26.73 keV
(1123.57) line when the small spectroncter was gated on the
seak of the 34.12 eV (L1 40.91) linc. The ratio of the
height of the line to the continuurt in the coincidence
spectrwt is 5:1 whereas in the single s_ectrun it is 1:3.
The big enhancernent in the relative heicht of 26.73% keV
line‘in coincidence spectrun susgests that the 34.12 keV
line is in coincidence with the 26.73 keV line. - i,
5.5 shows the 26.73 keV line in coincidence with the con-
tinuous PB-rays when the snall s_ ectroneter was gated on the
low energy side of the 34.12 keV (1740.91) line. The
reason for not geting on the hizh energy side of the 34.12
keV line was to ecyvclude the contribution of the rising vart
of the 36.12 keV (K 80.12) line. The big enhancerient in
the intensity of ths 26.73 keV line in the coincidence siectrun

suisgests a strong y-ray having a large conversion coefficient.

(e) X133.53 ; 11 3%,57 coincidence

To verify the existence of a 166 keV level attern:ts
have been nade to see the coincidenees between 91.53 eV
(K 13%3.53) and 26.73 keV (I13%3.57) conversion lines.
—ecause if 165 keV level weré yresent 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 experinents were attenpted by

/!Gichelson, D.
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Michelson, D. (1961) and Irench, 3. (1966), but their
results failed to find any evidence of a 166 keV level.

Jith inproved detecting; systens in both the gpectroneters,
the sane experinient was tried by gating the snall spectro-
neter first on the jpeak of the 91.5% keV line and then on
the high cnergy side of the 91.53% keV line and scanning

the current in the large spectroneter., The two coincidence
spectra of the 26.7 eV line (I 33.57) are shown in =

Jige 5.9F. On conparing the coincidence shectrun of the
26.7 keV line Mg. 5.94 with that of the single spectrun
Mg. 5.2 no such enhancenent in the relative height of the
26.7%3 keV line is observed. The difference in the height of
the lines in Mg. 5.9(4) and B) is 17 whereas the standard
deviation in IMig. 5.9A is i 10. This difference of 17 counts
is coinarable to The statistical fluctuation. The rise in
he coincidence spectrun above = 0,35 Anps can be caused
by the fict that some of the unresolved .Auger clectrons are
in coincidence with the 91.53% keV (K133.53%) conversion line.
fron this particular neasurenent it is difficult to set the

lower 1linit for g 166 keVto 1%33.53 keV transition.

f
4



e= — Yy coincidencs neasurenents of 1440@
1. Introduction
144
The ¢~ - v coilncidence neasurencnts of Cc have been

wade by Precnian (1959), Geiger et al (1961) and Torafontov
(1962) using a ningnetic 3 cetrormeter and Tal(Tl) scinti-

1

llator. Because of the Toor resolution of 17aI(T1)

1L4“e could

sciantillator, nany vy Y2y lines in the decay of
not have been resolved,. The region of interest lies where
the 33%.57 lkeV y-rav s nasled by the K-{ ray Lhotopeaks.

In the Jresent worlt an irirroved tcechnique of €7 = vy
coincidence using 2 Ge(Li) X-ray detector in conjunction
with vhe large sycctroneter has been aznlied in the

. 11
studies of thce decay scheric of “4000

24 Ixperimental arrangenents

(2) The Ge(Ili) X-ray detector

The 1%, GO x 25~5A Ge(Ii) X-ray detector is neinly
useful for the stulies of low energy y-rays. The detector
has a thin Be-window and the F.%.I.I1. at the 14 kev as
clained by the nanufacturer is 290 ev.

The following are the specifications:-

N

Area 25 mn
Depth 3 11m
Operational voltage - 5C0V
Leakage current 10 P4

Window 2 Gold surface barrier

Window 0.008"Be
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(b) Molifications to beta-grima source holder

An arrangenent tn hold the y-counter is shown in

Mig. 6.1, The perspex source holder and thetyon disc were

the same as used by‘E:eenan (1960), but a brass tube of
a larger length and diancter (8" x 4") was used so as to
cover the whole length of the Ge (i) detector's cold
finpor qnd if necessary, the 1.aIl(T1) counter with a

ersnhex thickness at the

56 &V vhotormltiplicr. The n
centre was kept ab L/3". The outer surface of the
verspex wra nade cenducting with an aluniniun coating

q

whereas the inner suvface was Lainted blaclk with agquadag

to nake it lisht sight.

(c) Gate_nulse goneratrr

it of the gate ;ulse generater ic
ziven by Sowers T.o. (1965)., The circuit is shown in

dig, 6.2B, The author wishes to than!: Mr. R.I7.Thonas

for bringing this circuit to his attention. It is a
. :
nenosgable ~ivcuit having ul tra switching transistors,

A
217 709, Before the rnonostable is triggered by the

negative pulse from the slow coincidence unit, the
transistor TRl is binsed on by the current through the
base resistor R] and the forward biased diode D (CV2290)
whereas TRo is biased off by the resistors Ro and RB

i.e. TR, is conducting and Tﬂz is cut off. On an appli-

1
cation of a negative trigger pulse fron the output of
the slow coincidence, the diode D is cut off and TR,

/starts
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—%jm
starts switching off. The diode was used to protect
the basoe enitter junction of TIl fron exceeding 1ts
voltoge rating, o regencrating action toles place
through the cross-—-coupnling resistor 32 which drives the
“Q? ot and the circuilt flips into a serid stable state
with Tﬂl off and TJE on. Thce collector potential of
TRE falls mnd a negative outuut pulse opecars.on the
collector The cnp acitor € =ieeds us the tromsition
boetween the stable and unstable states. 4n cutput

IS

oulse of the gnte ulse gonerator is shown in

Mz, 6.2 C.

(d) The Jarwell 2002 fasv erplifier

+3
o
(@]

warwell 20024 unit iz a distributed anplificr

q.-

with a risc tine of about 2.5 ns and a gain of 204B.

—

This arnlificr was used in the Ge(Li) fast channel
dig. 6.5). The fast outrut rulse of the Ortec 261
tiric pick off control is d”lllflbd by the distributed

cnplifiez to about -5 Volt, which was suitable to

operate the fast coincidence wunit.

/|
3. The y-ray spectra of 14LCe
. . - - 144
Jig. 6,34 shows the y-ray spectrun of Ce below

1%2%.5% keV nieasured with. the 5 cc Ge(Ii) detector.

The 53.41 keV, 80,12 keV, 99,95 keV and 133.53 keV
Y-rays are weli separated. The F.W,.i,M, for 241Am
59.55 y-ray photopeak was 2.1%. Due to a poor.resolu—
tion, the 55.57 keV y=ray has not been resolved fron the

/X-rays.

Ko




=40~
X—rays.  The spectrun shows a single peak for‘Pr Kal,‘
Kae'X—réys and y33.57 and also for the y40.93, Pr Kfy,
KBB’ KBE L-rays. The hunp on the higher energy side of
the 80.12 keV vhotopeak is due to the compton background
of the 133.53 keV photopealk,

. 144 A
Fig., 6.28 shows the y-ray spectrun of Ce—>

144Pr observed with the X-ray detector. The F.W...lMM. for
the 14,35 keV linw of 57 C_ was 500 ev. The y 33.57

has been resolved fron the Ko Z-ray (Fig. 6.3¢c). It
shows a single photopeal: for the KmlJ<m2 and also

for v40.9% and KBl, KB5 A~-rays. The two peaks below
33.5% keV and 8C.12 keV are interpreted as the Ge escaje

peaks.

4, afficiency of the X-ray detector

The relative efficiency of the X-ray detector for
various y-radiations was caleulated in the nanner suggested
by Lieshout et 2l (1965). The relative efficiency can be

expressed by the relation Al & Il €1

— ——
—

ay I, &, (6.1)
where Il ’ 12 are the accurately kmnown ?ntensities of the
vy-radiations fron a standard source, Ay, 45 are the full
photopeak areas neasured experimentally and €1y €, are the
efficiencies of the detector for thetwo radiations.

The efficiency calibration of the I-ray detector was

carried out with the Geiger (1960,61) values of y-ray

144

intensity of Ce. Keening e, = 1 for the 133.53 keV,

144Ce wa

€5 for different y-ray energies of s calculated.

/The




Pig, 6.4 (A). Jl detailed diagraii showing the X-ray
detector o*;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



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 efficlency curve is shown in Fig.6.2..

5. The e™ = vy coincidence arrangenents

Photographs of the Ge(Ii) X-ray detector ¢n con-
Junction with the large spectroneter are shown in Figs,
6.4, 4»,B,C, Fig. 6.5 shows the schoriatic diagran of the
e~ - vy coincidence systen with an e~ - gate. Nano-second
delays are provided in the fast channel to adﬁust the tine
difference between the two fast pulses. The fast coin-
cidence output pulse drives the gate pulse generator
which produces a long (1.5 w3) pulse of nearly -12 volt
(Fig. 6.20) necessary to open the gate of the Inter-
technique nultichannel analyser. Micro-seccnd delays
were used in the fast coincidence output line in order
to natch the arrival of the energy signal fron the d-ray
detector to the rmultichannel analyser. . drift of
about two channels was found over a week in the systen,
which night be caused by a temperature change. In order
to avoid the spurious counts the detector preamplifier
and the associated electronics were surrounded by the
netallic grids".

(a) Delay curves_

Delay curves were plotted by gating the large spectrometer
on the peak of the 91.5% keV (K133.53) conversion line and
keeping the discrininator setting on the 261 time pick off
control unit down tc 20 keV. The delay curves with different
lengths of clipping cables for for different electron energies
are shown in Fig.6.06. The tine resolution for the 133%.53 - ¥y
pronpt curve was %4 ns, but for the K80,12-y it was 40 n3.

An increase in the resolving
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resolving tine woas duc to tie lowering in
-ulse hoight of the K 80,12 eV conversion
linc. Tiengths of the cliyning cables used in both the
fast channels were © feoot. The naxirmun chancs colnci-

dence rate for the L13%«53-y and 180, l2—y colncidence was

— -—A
2.1 x 10 5 and 1.1 x 1077 counts/sec., respectively.

(b) K1%%.5% - vy coincidonce

In order to verify the oxisteace of o 166 keV

level, the large spectroreter was focused on the ton of the
91.53% keV (K132.53) convaorsion line ond. the coincidence
Y-ray spectrun below 80 eV wns scanncd over thoe nulti-
channel analyscr. The coincidence s_.ectrwi is shown in
Tig. 6.7. The coincidence pcalzs of Pr - I X-rays arc due
to the [133.53 K-.l-rays which are ocuiltted after the X con-
version clectron has escaped The peak in the coincidence

peetrun at <027 keV is intorpreted as the Ge XKoo escape
peak coincident with the L133.53 conversion line, This
finding has been confirned in LC0.12 - vy coincidence ncas-—
urenents (Fig, 6.8). The snall peaks of the 8C.12 ke V and
1%3.5% keV y-rays arc due to coincidence with the continuous -
B=T3yS. The coincidence spectrun: does not show a Y-ray of

33,57 keV in coincidence with the L133,53 line.

(c) k80,12 -~ y coincidence

»

Freecnan (1959), Iwashita et al (1962) and lMangal et al

(1969) reported a weak transition of -~ 86 keV resulting from
a 166 keV to the 80,12 keV lcvel,. Thus if a 86 keV transition

/exists
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exists it should appear in the K80.12 - y coincidence
spectruni. iig. 6.8 shows the coincidence spectrun when
the large spectroneter was focused on the pealk of the
38.12 keV (K80.12) conversion linc. The E-{-roy peaks

in the coincidence spectru: are due to K8C.12 fluores-—
cent K= X-rays, A big enhancencnt in the relative height
of the 53%.13% keV nhotopeak shows that the IB8C.12 eV con-
version linc¢ is in coincidence with the 53,13 keV tran-
sition, The stinll ealk at r~ 27 %eV 1s the Ge Ko
escape peak in coincidence with the K80.12 line. The
spectrun does not show 2 coincident :.calt of 86 keV. 1o
wealk at 95 keV appears which ig in contradiction with the

findings of Keller %Qﬁ Cork (1951).

(1) L140.93 - vy coincidence

Iwashita ¢t al (1962) found a transition of a 92 keV

~

in coincidence with the 40,93 keV y-ray while Jrecnan
(1959) found a 66 keV transition originating from a 166
keV to 100 keV leovel. The I34C,93 - y coincidence neasure-
nents were carried outl to teost tue oxistence of a 92 keV
and a 66 keV transition. The e gatc was set on the peak
of the 34,10 keV (L140.93) conversion line (i'ig.6.9C).

The coincidence spectrun is shown in Figs. 6.9B and 6.10B.
The relative height of the 33%.57 keV photopeak in the
single spectrun is 1:3.5 whercas in the coincidence
spectrun it is 6:1, JSuch a big cnhancernent in the
relative height of the 33.57 eV pshotopeal”r shows that the
34,10 keV (Ll40.95) conversion ling is in coincidence
with the 33.57 keV y-ray, lowcver, they do not show any

/coincidence
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coincidence pealt of either a 92 eV or a 66 keV, or the
Ie J 5

153.5% eV transitions,

() L155.57 ~ vy coincidence

e, 6,11 shows the L155.57 - v coincidence shectrun
when the larpe o cetroneter was focusced on vhe peak of
the 26,73 keV (1155u57) conversion line. .n enhancenent
in the relative heights of the ceoincident 40.9% keV ond
99.95 keV photopeaks shows that they arce in coincidence
with the Ll§5,57 conversion linc. The 99,95 keV y-ray

becanse of ivs weale intensity is hardly seen in the single

J

y-ray siecvrun (6.11), The 59.07 keV has a long life
tire (> 3 secs) hence no coincidences could be observed.
Ho enhancenent in the relative height of the 133%.53
vhotoneal vus ovservad whaich suggests that the 133.53 keV
trongition 18 not in coincidonce with the 3135557 eV
convercion line. The s:all peck at 1%3.53% keV is cduc to

its coincidences with the Leray continuun,.

The Zl-ray mealrs in the coincidence spectrun arce due to

tne coincidences of the fluorescent rays with the continu-
)

ous f-rays.
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I57.4) - v coiacidence

fig. 6,12 B shows the coincidence spectrun when the

large spectroreter wos focused on the top of the
Li 53.41 couversion line. The ratio of the height of the
Yy 80.12 and y 133.5% photopeaks above the background in
the single spectrw: (fig. 6.124) is 0.48 and in the
coincidence spectrunm it is C.8 which shows that the

y 80,12 is in coincidence with the 1;%5%.41 line.

The appearance of the % 133.53 photopeak in Fig. 6.123-
is due to its coincidences with the B-ray continuum.

The coincidence peats of Ir k X~-ray are due to the
fluorescent T-rays of the X 80,12 conversion linec.

The spectrun does not show coincidences with y 33.57.



it G
6. Discussion

(a) 175 eV level

r'ron the Hdo 12 - vy coincidence neasurencnts, no peak ot
05 keV in found which is in contradiction with the findings of

lieller and Cork (1%951). The 1.40.93 - vy coincidence does not

1
show colncidencesn with the 133,53 eV y-riy which is against
the findings of Torafontov et al (1959).

(b) 166 eV level

frecnan (1959), Iwashita et 1 (1963) and hangal et el

l44?r at 166 leV.

(1969) placed the upper cxcited level in
The decny schones of Freo wn and dwashita et al yield two weals
transitions of 86.5 and 66 keV. The 1133.53 - e~ (¥ig.5.9),
1113%.53 = v (#Fig.6.7) and L155.57 - v (Fif.611) coincidence
neasurcnents de not support a %%.57 eV quanta in coincidence
with the 133.53 keV trunsition. assuuing the Geigoer et al

*
value of the intensity of 23.57. the upper 1linit of intensity

9
of such transition is placed ot .~ 0.016% per disintegration.

The 180.12 = vy coincidence (fig.6.4) shows no evidence
for a 86.5 keV urunnlthh. Taking the Geiger et al value of
the intensity of vy 53.41 i the upper linit of a 86.5 keV
transition per disintegration is fixed at 0.22%. The hurp on
the high cenergy side of the 80.12 keV. y-ray in the singles
Y-ray spectrun neasured with the 5 cc Ge(Li) detector
(Ffig.6.3) is interproted as the coipton peal: of the 133.5%
keV y-ray. & 66 eV peak does Tuﬂséygiﬁg in the Ll 40.9% - v
colncidence neasurenents (Fig.6.34), and its intensity would
be 0.015 tines the intensity of y 33. 57 Our present
spectrun puts an upper linit on such a transition at 0.018%
per disintegration.

¥ The intensities shown in Table 6.1 werce taken as standard

values.
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(¢) Bscape pealk at 27 keV

The coincident peak at 27 keV which appcared in the
1%25.5% - y and 17 80.12 - vy coincidence spectra can be inter-
preted in two ways: (1) Dither it is duc %o a transition
fron a higher state of 160 keV to 1%%.53 eV level or
(2) it is a Go escape peak. If it were a y-ray from a 160
to 1%55.5% keV level, then coincigonces of 27 keV will
be detected in the I #0.9% — v , 2233.57 - vy ond Iy 53.41 - v
coincidence noasu;emcnts alsp. Cur results do not show any
such coincideices, thercfore, the possibility of a 27 keV
transition is unlikely. Thc pecalz is duc to Ge Ka’ kB escape
in coincidence with the. K133 53 and K 80.12 conversion
lines.

The two Ge Lo, Kf escape pealks are shown at the channels
111 and 119 in Tig, 6.74 and at 72 and 77 in Fig. 6.84
respectively. The single spectrum was run in cach case for
about 2 hours whereas the coincidence spectrurn took more than
a wcek and hence the drift of about 2 channels occurred which
causcd the coincidence escape peaks to merge into a single
broad pcak at channel 116 in #ig.6.7B and at channel 76
in Fig. ©6.8B.

(d) 92 keV level

Iwashita et al found a 92 keV transition in coincidencg
with the vy 40.93. Our ¥l40.93~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 S3engupta et al (1969).

(£) Support for the uppernost level at 133,53 keV

The .40.9% - e~ (Figs. 5.8 A,B), K80.12 - e~
/(Figs.
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(figs. 5.8 C,D), Ll4C.95 - v (i¥ig. 5.9, 6.10),
Ly35.57 - vy (Fig. 6I10) and Ly53.41 - y coincidence neasure-
rients gi&e a strong evidence for the 17%,53 eV as the
uppernost excited lavel of 144}r and that the %3.57 keV
Y-ray arises solely duc bo the transition from the 1%3.53%
keV to 99.95 eV lovel, Thus She possibility of two

Yy-rays of 34 keV is unlikely.

Conclusion

fron our present results we do not find any evidence

for a 175 keV, 155, keV, 96 kcV or a 92 keV level.

; . 144

Aence we keep the upper-ost cxcited level of Jroat
- o 144

153.53 keV supporting the decay schere of Ce by

Geiger et al (1960,61) shown in Fig. 5.1F G
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1. Multipole radiation

ITlectronagnetic radiations are enitted when excited
states of nuclei decay to lower states. They can be class-
ified according to angular nonentw:l L in units of h
carried off by each quantun. Tor each value of angular
nonentun I there are twe ossible classes of radiations
(i) Electric ol (E) pole and (ii) nagnetic ol (ML) pole.
These two radiations differ with respect to parity.

The transition probabilities per unit tine for

electrical and : abnetlp radietions are given as

9 2041
(U = 44 () (3 Ey) o
LT T’ ‘\5_4-?;; I?‘?/ ‘\R
y (E2)) [ | 2. E.r' L
L = |9
™ LL@» Myude _ \ L+3) {197 "(Rjz"l

where EY is in leV and 15 in Ferni.
The above expressions were based on the assunptions
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 enission »nrobability of nultipolé quanta L
decreases rapidly with increase of T and increases with
increase In y-ray energy E_. Also the electric tran-

Y
sitions are faster than the nagnetic transitions.
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2. selection rules for y-radiation

[

Dable 7.1

Tyoe of iote— AT change Parity
radiation tion in angular change
nonentun ATt

quantun lio. -

Ileetric dipole ) i1 Yes (-1)
Magnetic dipole 11y T o (+1)
Flectric quadrupole - B, o o (+1)
Magnetic quadrupole My to2 Tes (-1)
Zlectric Octupole E5 r3 Yes (~1)
Magnetic Octunole M3z + 3 Ilo (+1)
Flectric 2L—pole By, T L (-l)L
Magnetic 2L—pole My T ~(~1)L
3. seniconductor detectors

(a) Introduction

ITackay (19249) was the first to use seniconductor as a
narticle detector in nuclear physics.A The solid state detector
has an advantage over the gas counter, as the eleptron—hole
pairs produced in a solid state detector is large, it has
a snaller fractional statistical fluctuation and has a high
energy resolution. The average energy required per ion
produced in a gaseous ionization is 30 eV whereas in a

solid state detector for an electron-hole pair it is 3.55eV.
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(b) Interaction of y-—radiations with seniconductor

detectors
Geauna rays losc their enerpies in seniconductor by

cxeiling the electron to tha conduction band. The excited
cleciron is free to move 1n the whole of the crystal
lattice. i vacancy known as a hole is created in the outer
shell which noves fromn aton to atorn throughout the lattice.,
The total nunber of electron-hole nairs thus produced yields
the ncasure of the v—ray energy absorted in the seniconductor
detecton. e interacticn of v-rays with senicondnctor
tukes place nvinly ny Ghrec aechanisns (i) photoelectric

nrocess (ii) compton scattering and (iii) pair production.

al

(¢ Lithiun driftes Gernaniun detector

An 1deal cowaver is that having a vary iow density of
frees cleetrons or holces at roon terperature so that current
noise shcould be a nininun,a long carrier drifv length to
meK> Tthe charge collection efficienyv and a high stonic
nmbder te give a good stoping rpower and a high photoelectric
interaction with y-rays. 4 single crystal with all these
properties g aifficult to obtain. In noust cases Ge and 3i
crystals are usec as counters. IEven the conmercially
available purc Ge has high inpurity concentration which
are electrically active and produce large nwber of electron~-
hole pairs. The electron-hole pairs give rise to a noise
signal which overwhelns the signal produced by a y-ray.

These inpurities are nade fnictive by drifting lithium ions
into the bulk of the Ge-crystals under a strong electric
field under ca~sfully controlled conditions. EREach inpurity

/becornes
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boramos fully ionized and they collectively nake no
contributions to the fre. carrier concentrations, thus

croducing a region of high resistivity.

(4) Corrarison between 5i (Li), Ge(li) detectors and

al(T1) Seintillator

rhe Ge(id) detector has an adventage over Lai(Tl)
scintillutor as it has a faster rise tine (~ 20 to 40 ns)
whereas [lal(Tl) scintillator has a rise bine cqual to
250 ns. Therefore a Ge(li) detector has suerior tine
resolution to that of I'al(Tl) scintillator. Oilicon de-
tectors have the advantage that they can be operated at
roon ternperature while the Ge(Li) detectors are always
operated at the liquid nitrogen terperature. Geranium has
a considerably higher atomic nunber than silicon, has rhoto-
clectric cross-section nearly 40 tines that of silicon,
and finally a areater stopping power for y-ray absorjtion,
The rmzan encrgy per electron-hole pair for Gernaniun is
lower (2.84¢v) than that of silicon (3.23eV). Thus the
Gerrianiurn detector has a better statisticis and a faster

rise tirme then the silicon detector.

(e) Leakage current in seniconductor

Th+ lealkage currents arise from the detector surface
~nd fromn the detector volunc. 4An inperfection captures a
bound electron fron the lattice producing a free hole.
If such carrier generation process Hroduces electron-hole
pairs in the depletion layer -~ they are ranidly swept
apart by the electric field. This is a space-charge gen-
erated leakage current which is under nornal conditions

/less
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less than 10-51&mpere cm-B.

(f) Irradiation effccts

A deterioration in the properties of the seni-
conductor appcars when it is exposed to radiations for
a long tirc. < continuous bonbardrent of radiation
vroduces lattice defcects and inperfections in the detector.
These inmperfections scrve as trappinz centres which cause
an increasc in resistivity, lowecring in carrier life-tine,
increase in rise tine of the pulse and deterioration

in resolution.

4, Yreanplifier noise

The high resolution obtainable from the seniconductor
detectors is limited by the preamplifier nose which is a

e

function of the total input capacitance to the preanpli-~
fier noise. Leakage current, bias and feedback resistor pq4ge
thernwal noisc, ¥ E T noisc are the exanples of the preamplifier/
sources, The noise contribution due to T' = is a ninizun

in the tenperature region of 110 - 130K. Iilence the © & T's

are always kept as close to the detector as nossible for

cooling and to reduce the stray capacity. The noise contri-
bution to the F.W.ii.M. of the preamplifier Il E 52874 to

Ge(ILi) detectors having capacity O to 5 Pl is wesrly

1.1 keV for double integration and single differentiation.

5. Pile-up effects

The overlapping of a seguenceof pulses produces stair-
case effects called Pile-up effects. It can occur at all

/stages
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stages both in the prearplificr and an-lificr and is one
of the causes for gsihcetral broadening. In the nain
anlificr piloe-up occurs on the prinary pulse and on the
undershocet. Those pulses which fall on the undershoots

of carlicr ones will apgscar to have lower anplitudes.

The ctatistical fluctuations in the magnitude of the base
line deyression rosult in dispersion in thoe ricasured pulse
hcighbs., a4 furchor dispersion in mulsc height is causcd by
the neon-lincarity of the cwmplificr over the range of basc
Tine variation. Tho lavster ¢ffect is reducced to a snall
valiue witl a singlc difforentiation and the long duration

ovorshoos 1s ¢linfnated with double differcantiation.

ccincidenze rcasurcients. The sectional diagran of the
>bocTor aounting iz shown in fig. 7.1A. The detector is

housed in a clugiber with a thin berylliun window and is

- ) -

conlnd 4t Liquid nitrogoen tenperature. The detector is

srovided witkh a B 5287 & preanplifier the first stage of

which with ¥ B .1 is also cooled.

The Be -- having low atonic nunmber, will not absorb
the low cnergy y-rays and hence 1s suitable for the study
of low cnergy yv-radiations. The following are the speci-

fications of the 5 cc Ge(Li) detector:-

Detector To. GDP 578

Optirun operating voltage 500 v + ive
Leakage current 1 x 1079 ampere

/sensitive
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sensitive volunc 5 cc
confipguration Planar
caacitance 5 if
window Be

(a) Cryostat: The cold finper is made of stainless stecl
which is fillcd with 1iquid nitrogen via a Union Curbide
drip-foed Dewar. The detcector is mounted at the end of the
cryostat. The cold finger and the detector are cncapsulatoed
by an aluniniun outer casing., The interspace between the
detector and the casing is c¢vacuated by an ion puny down

to a -ressure of abour 107° Tory.

Perforinance of 5 cc Go(Li) detcctor

(a) avoidance of nains pick up

od

Mains piclz up caused spurious counts at the beginning
with the 5 ce Ge(ii) detector. The usc of a special tyue
of mains filter (shown in Tig. 7.24) proved most uscful in
getting rid of pick ups. The chafactoristics of the nains
filter arc shown in fig. 7.2B.

a further precaution against spurious pick up has been
taken by placing the detector and associated electronics in
a nctallic wire grid cagce in y-ray spectroscony and in

€~ - Yy coincidcence ncasurcrents.,

(b) Resolution

The rcsolution of a Ge(Li) detector depends nainly
on three factors (i) wvrearplificr noise (ii) detector
noise (iii) statistical effects of production of electron-
hole pairs. If A represents the detector theoretipal
resolution assuning gaussian statistical variation, o

/the
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the noise contribubtion fron dotector leakage currcent and
C the noisc contribution frorn detecctor bias. Then the

resolution . W H I is given as

—

}

- . . i
FPWHNM Goe(Ti) = LAZ + 82 + C” + (Preaplificr nolse)2

g

where A= 4.1 (B, B =

C = 2.35 x 2.98 New ,  Kc

1 KT . ; . .
e = |—=35== &is basce of llancerian logrithns.
AN SN .

t = pulsce shaping tine constant, e = clectron chargze

K is Boltznan constant and T is absolute tenperaturc.

The 41

An isotope has y-ray and x-ray lines in thce low
encergy region, the iost intomsce one is the 59.57 keV y-ray.
These lines could be used to chock the calibration and
resolution of the Ge(Ili) detector in the low encrgy region.

241 4r neasured with the 5 cc Ge(Ii)

The y-ray spcctrurt of
detector i3 shown in 1'ig. 7.%4. The cnergy calibration
linc passes straight through the origin which shows the
response of the detector to be lincar. 4t low encrgies the
statistical fluctuaticns contribution to the line width is
saller than the preanplificr noise but at higher encrgics
the contribution duc to the statistical fluctuation in the
vroduction of elcetron-holc pairs is predoninant. The con-
tribution to the line width due to statistical fluctuation

can be estinated by subtracting in quadrature the line

width of the pulser fron that of the y--ray pealk.

(¢) Btability test of the detector

In order to test the stability of thc detector and
the electronic systen, the detector was run continuously

/for

1
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. L P .
for 24 hours and y-ray counts of ~ “.u was stored in

the 700 channel Tnteritechnione rulbichanncl analyser. A

o
L

gain drift of 0.37% was fourd with She 59.57 keV y-ray

~hotoneal,

S

(4) Zifcets ol counting rabe on roesclution and pealt nositicn

of y-rox
diggh counbting cate gomerates alse pilo-up which causes
dispersion in the polse hedieht spoctrun. The offees of
the counting rate on the resolubion of a Ge(Li) dstector
: . 127, n o qir
has been svudied by locing  Cs sourcen of different

£

sronghe 4t the sanie disbance fron the detecsor. Intensity

66l key
ol vhogvholopeals has been caleulated by swwming upd the
nunber oF counte in cach channcl above the basce line.
licasurencnts weie done row «iwlificr setiings having (i)
doudls inSeoration and single differcntiation (ii) sinsle
ditlerenvion and Jdouble integration lceping time consbauts

2ps in cach casae. Tae P, vs. irteasity of photo--

. ;
peals dn o eoch eass

"
v
o~

been plotted and shown in

Fg. 7.75B. ith douhls integention and dovvic diffsrentiaticon

oSt

the pilo-u; offects get reduced comsiderably and the FLU M.
reilains Tairly constant over a congiderable range of
counting rabvoe. With doublce integration and single differ-
entiavicn an inprovonens in resolution appears which remains
constany up vo vhe point A’ {scedig. 7.3B) and. then it
increases with the increase in counting rate,  With double
integration and single differentiation, no deterioration

in F. V.M. value aypears up to the total counting rate of
1778 counts per second, which is very low for coincidence

/measurenents,
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neasurenents, The Canberra biased arrlifier 1462 is
designed to get rid of the jile-up effects and it can be
used at fairly high counting rate. In _resent y-y coinci-
dence experirment neither this biased anylifier nor post-
anplifier base restvoreywas available hence the distance of
the source Iroit uile detector and tine constants were ad-
Justed to get a ketter resolution. The ddinburgh amplifier
NE 5259 and the biased a mlifier NE 52614 were found too
mach sensitive vo countinm rate and therefore a wealk

source and a long distance from the detector were essen-

tial to get rid of pile-up offects.

r'--
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8. ‘hite cathode follower

(n) The circuit diagran of the white cathode follower
shown in JMig. 7.40 is based on the design of iuclear
imterurise S reanlifier wodel 70 52024, It is a double
cathode follower whicli is used to achiceve an overall
ariplification nearer to unity. « full description of the

"

circuit a;jpears in section 4 of the "I .D.Instruction

nanual for integrated and deijountable assenblies”,
(b) 155L liniter - sce appendix I

9., The i'al (T1) Counter

The "al(T1) .iarshaw crystal (13" = 1") nounted on
B NI 9514 B photormltinlier is shown in Fig. 7.44. An
energ, resolution of 8.2% for the lB?CS 661 keV y-ray
has been achieved. I'ig. 7.43 shows the »nulse height lin-

earity response of the counter.

(a) hotormltinlier circuit

The potential divider circuit for T M I S514B vhoto-
‘miltioslier of the y-ray counter is shown in Mig. 7.5.

the decoupling cpracitors have been used to stabilise
the dyrode -.otentials. The tining signals fron the anode

feeds the i 55L liniter which Hroduces a fast positive nulse
(Tig.7.4D)

of 5 vo]ts7 The liniter outiut further triggers the ava-

lanche discrininator ;roducing a very fast narrow-negative

vulse (dig.2.4d). The energy signal is derived from the

4th dynode which eventually goes to the grid of the Vhite

Cathode follower. The connecting lead fromn the anode to

the grid of E 55 L liniter was lkept short.
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10, y = ¥y coincidence excerinent

the Ga( i)/vau(ll) Past and Slow y-y colucidence
arranpeient is shewn in Sic. 7.6.0. This coincidence

arrangewent has be2an nscd in the stuwdies of cascade nature
L 2074,

ol the 569 eV y-rays of Die

Ta) Jdelay carves

Jelay curves Tor fast coincidence swerce »lotted with
22 o . C i en " P .
a Ll y=ry source, Meeplng alfferent lengths of clir sing

cables (secc Tig. 7.7). o A clipping cable was found

1

suitable 5o mgave 2 Uine vesolvuion of 45 ns., On sialzing the

lengtn off hatl cliyding cablas smaller, the coincidence

counts rave coduoos though with sone inproverient in resolv-—

ing tine. irdilor —eoasureents were rade with the slow
coincidence unit to set the resolving tirme for naxinurs
coincidence counve rate. The coincidence counts rate falls
rapidly when the resolving tine reduces below 0.5 pg.

(Mg, 7.80). e ninioun vernissible resolving tinie for the

slow coincidence uait was C.5 ps. The r@xinun chance coincidence

rate was U.4 c¢/sez (Mg, 7.7B).
P

(b) Coincidense siechmu of .

22Ea with I'aI(T1)

The single y-ray ssectru: of
scintillator hus heen shown in fig. 7.4. The lower level
of the 3.0.4A. wae set at 2.5 Volt and the window ovening
at 2 Volt 5o as to cover the full - hotopeal area of the

22112 with the

£11 keV y-ray. The single y-ray spectrun of

Ge(Tdi) detector is given in Tig. 7.10(4).
The coincidence siectrun bhetween two annihilation

quanta of 511 keV shows a satisfactory working of the

/coincidence



207

82" MeV 207
2:50 g2Pb MeV

_ 233 235
= 220
—1 : 205
| 1! |

! |
P |
W “ “ - 163 1633
L1
| | |
L]
N |
| _ | 090
_ ] _ O-87
| _ |
“ - Y-t 056 N 0569
| | _
|| |
,“va \'4 Vs 0O W -0

PRESCOT eral  (j954) ALBURGER eral (1955)

207
FIGZIl THE DECAY SCHEME OF pBi



~-6l—
coincidence systeil.

11. The Jecay of 2O7Bi

(a) Introduction

’) ( - A
“O7Bi isotope was discovered by Neunwn and Pelman

(1951) who found that the nuclide decuys by electron
. 20700, i £ 14 fe o .
ca:ture to b with o half life of about 28 years.
The conversion electron siectrun of lfewian shows eight
. 207 4. L

y-rays above 2 IleV in the dccay of Bi., While Vanstra
et al (1954) found the preseince of two transitions of
energies C.56 and 1.06 IleV, The coincidence data of
Irescott (1254) gave evidence of four y-rays of energies
0.57, 1.07, 1.75 and 2.47 eV and suggested the possi-
bility of a 1.07 MeV doublet. The conversion electrom
spectra of alburger et al (1955) gave a slight indication
of a very wealt line corresponding to a transition of about
0.9 MeV, Till now "al (T1) scintillators have been used by

. . . . 207
various vorlters in the y-ray studies of Bi.

The - resent Ge(Li)/1'al(Tl) y-y coincidence-systen
was designed prinerily to do coincidence :ieasurenents with
144, ) e a .o N

Ce sorrce ond at the beginning atten.vs were nade to
search fcr the existence of two y-rays of equal energies
0.569 MeV in the decay of 2O7Ri (Prescott 1954). Unfortun-

ately the 5cc Ge(li) detector failed during the experiment
1s4

and hence y ~ ¥y coinciderice neasurenents with Ce could
not be perforned and also those nade with the 2O7Bi

renained incorplete. HKHowever, sone of the inportant coin-
cidence neasurenents talen with 207Bi are presented in
this cheajter. The decay schenes of 207Bi by I’rescott

/et
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et al (1S54) an” Albw v ot ol (19%5) ara cion dir Tie, 7

(b) ¥ 1.0637 — v 0.567 coincidence

~ P07
ol 7&1 below

sinmle y-royy spocebra fron tThoe decay
1.06%7 IeV nensured with the " 2T(T1) scintillator aad
vith the 5 cc ve(ld) detector sre shown in wiz. 7.12.
Wi 7.128 shows the coincidence spectrur, when the window
ol Lhe sintle chanmoel anclyser wos seb on the 17aI(T1l)
snectrurt which iucluded the full 1.0637 y-r.oy photopedl.
The only peal to .ppear is the 0569 eV y-ray which shows
that the 1.0637 eV y-riys is in coincidence with the
0.569 IleV y-ruy.
1. 7.120 shows the coincidence spectrun when the channel
window on the LaI(Tl) spectrua wais set to include the full
Q.560 lieV y-ruy phobopenl:. an erhnnceent in the photo-
pealt height of the 1.U037 T.eV y-ray ahove the background
indicates th.t ths C,567 LeV y-ray is in coincidence with
the 1.0627 MeV y-rav,

e colncidences at U569 1V in Mig.7.122 can be
interprcted in two ways:—
(1) The coincidences are with the donnton backgromd of the
1.073 11eV y-ray or (ii) they arc with the corpton baclk-
ground as well as with a second y-ray of G.569 [eV. If it
were due to the coupton hac!ground alone, the ratio of the
area of the 1.067 lieV photopeal: to its covipton background
under the 0,567 MoV photopeal: will renain the sane both
in the sinple coincidence speptrum wnile in the presence
of another y-ray of 0.569 IleV, the ratio will get reduced
in the latter coser.. The ratios were calculated in both

/the
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the single and coincidence spectrul. In the sinsle

spectrun the ratio was 1 , whereas in the coincidence
1.9
spectrun 1t was L o Thus the results show that the
1.688
coincidence penk of 0,569 leV y-ray is entirely duc to
the coineidences with the conpbon background of 1.067

MeV gquanta and there are no two y-rays of 0.569 MeV.
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APPEITDIX I

A

The Mullard BESS5L pentode valve has been used in
the liniter circuit of the fal (T1) y = counter. The
valve has a long durability and can be operated at
about 55 rul ancde ourrent, The circuit is based on
the design by dAbdarabbani, Rafat Batul (1962) with
sone adjustnents. The output pulse anplitude was
adjusted to a desired value by adjusting the cathode
resistor. A 100-S£l- anode load resistor was used in
order to match the transnission line. The anode
current flowing through the valve was 50 nmd which

produces a fast standard output pulse of + 5 volt.
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