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The work deseribed in this thesls was earried out at
 $be University of Yanitobs Guring ths years 1949+52 inelusive,
| In presentiog it the suthor wishes te sxpre

ssnke to the divestor of the vepoureh » Dps Be ¥

ﬁm&aﬁm; an8 $6 Fre Us Nubin end Yp, O Trider for
their coeoperation in the mechenicel eenetruetios side of the

the assietance of the Natispal Hepeareh Coumell of




o5 the ﬁ@iuttm%w ﬁ%ﬁﬁ%& a8 & wgwﬁm& doviee is
denerited, The m:‘emﬁ of the specironetey is eveluated
by éwmg the gamme roy seintilletion spectre of several
'Mimﬁsw isﬁam@ Two sueh wpeetrometers ave then applied
to tinesgorrelation studles iz nuelssr disintegrations tw%ag
$the eoineldence teshnigue, with the sbjeet of slueldnting the




lenerd's gropossi in 1908 thed the ston sensisted
noentrated maceive cenige, celled o Pdynamid®, round
which & eloud of cleotrone existed wae extendsd by
Hutherfurd in 1911 to explelin the ef radiceotividy.
#inoe then phyeiciste heve been very interested in finding
out more about the styustare of the massive sentre {or “musleus®
=8 it eome %o Bbe #ﬁﬁﬁﬁi ‘of the atom, ‘ o
tpe of the @g&*@%ﬁ%& hen boen the Mﬁ%@ of the
enevey levels ebieh exint in the iffevent muslei, snd this -
study hes beon celled "pusleany amw@w@gyw iﬁmf&@@ work
Guring the last guarter sentuwy m& yegulded in m B
tion of & vest soount of fofoerration bus & &%’%ﬁﬁfﬁﬁ%ﬁ&f %%aw
of the susleus is wtill not svailable, 1% is the %&w& of mﬁ
nxperinen puanee of this work nay gﬁﬂm ‘&im
theoretioion %%m vitel elues %o amfﬁ:i& hiz %o fwmﬁta 8 &m&

in thiw thesis the appliestion of & mew technique 16
e pay spoetroseepy ie the ecentrel theme snd the technique

- In tMe way 1% fe possible to propose deeay sehemes _
sidersbly move sertainty thes hes hitherto besn ypossible,

-




tne of the susential sompenents of & suslenr B3
meter is & paiietion Getestor. I cerisin sesez the deleetor
morde, widle, in other cepes, edditional equipee AS GO
| uigpent and detestors |
mm m:g ooy svailasblie for susleny &wama@w stadios
Ge %&@ &inouvery of m&&mwﬁwg in opder to uppresiste
antages snd/or Giwatventages of the eifferent imstue
 ments 1t must be veslimed that, oo the gm:mm@m ef &
puslesy spesies 1s & Pendon proeoss, | thenationl lawe of
ﬁsﬁ%&&ﬁi"- apply to 1t and, in ovéer te errive st & gemelupive
rosult, & large sumber of events mapt be soslysed. For this
. resson 1% i Gosireble thet & deteelor should be highly effice
font for the periicies buing considersd epd thet it should be
able % deal wilth lorge munbe e in 8 shoPt tine, 1s opder %o

pesente oan ‘% waés by ﬁ%ﬁﬁ?&&g Wﬁ '
prgths ezmiaion b&ﬁ the prosese is & tedlioue one ss ihe
iioe taken fo stuly 2 treek is consilerable.
] sné Soteetor, puek ased W E&a@ma‘w&, gas L




, ver was asecostry o osount the flsshes
hesse only low sadistios intensities owuld Be used, It is

efficient for the deteotion of alphe and bete perticles, but
oty By 1%06lD, bo used fer

i pedistions 1% eaw
&y dmed in She dSeterminstise

ould be dedueed, |

$he “ileen Clout Chember (1918} provided s very
Pp—— i ané slegnet smethod of viewing the treske of ionising
gwmmh In 1% e parlicies etuss fonipation §n & seture

- abel mgmg whiioh ¥

o LUE8 and “&?&% hes %&& wm@x@s aeel io
L werk over slove. Uhese counters ave effielent
for the coteniion of &%ﬁm sod bels partisles tut nob for
genme Payes They aye not suilable for direst soasure
of g&%&a&a eoepgies and spe thered :
with othey enorgy mossus

.......




e

methols, (me of these i the sbsorption technigue which hae
been ﬁsg&a&y m with vezy eonsidersble suesess. JAnpthey
method is the rometer in vhieh
beta partiscles sre focussed st Gifferent points deponding
their energys This hep provided very scourste beta end gerpms

wrenents, ao hos slse o 4ifferent iype of meguetis
spectyometer esiled & lens spestroseter, whi %W& helieel
foeussing. In these opeelpometess the colleetion effieiency
Se fairly lows thus, streng souress of 1 to O 1 milteurte
bave gemerslly %o be used. -

eat the propurtis

ger ssuniter sre the

phisl countsr, These suffer

fonisetion ¢hanbey
fyom low detestion effisiensy for gumme veys «
@%@%&% pulses, but ave eapedle of spergy determinstiuce @y
the use of a pulse helght snalysor.

Biaw and mmw {1} propomed the uwse of a
enijunetion with o @@m@im&%ﬁg sopeen an
uped by Croohes, the yedietion intemsity %mg mespured by
means of m galvenometer. This Getester was the fovesunmex ef
the geintilleticn eounter, which hms ovepcose the pain disw
advant ages of the coihey deteetore and iz now very widely used.
rsiistions osn be attained by using sultable seintillstisg
WM@; Borevover, os will bs diseussed im dotail belew,

. the setatillation sounter sele ss & proportiossl device snd

&nd very sneil
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@en, Stherefore, be umet for Gireet cmergy &
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B f’ﬁiﬁ%&%&%w_ GIRGRETEE,

The firet eim of the rescereh programme w
troneter, besed on the

. seintilletion oounter.

For & full undorsts
seintillation ecunter 1% e sescesstyy te consiter the peones
ia shieh rediation apd mestier intersct. Zhere are fiwes welle
krown vaye in whieh intersetion tekes plave, ealled vespscie
ively the photosleeivie wa#, the Conplon effeet and the
“palr profuction™ effect.

- The photosleetrie effest is co eslled bessuse of ite
sinilerity o the photoclestrio phencmencn exhibited by @
garfese vhen 1lsh ie on it. This leitey
photorleoirie effeel invelves the expulsion of loosely bound
sleotrons from the surfece by $he loweenergy p
vieibtle light. In the esse of germe regiat photo
energlies sye ouch higher snd Sere fo & zueh higher peel
ity of %ightly boust eleelrous being expelled. Uene
photoslestrons sone fyom the £ end L shelle end the provess
o soze likely %o coear in atems of high atenie number, the
photoelectric oross-seotion of = materiel teirg roushly propore

wiing of the operation of the

o .%%"X -8B, for £ sné L a&%& &i%%@ﬁ% @&a%@ﬁ%&%
m& exeited in this prosess snt the amply shell ie guiekly
filleé with the emissien of &n keray{or i-reye in sesesds) shish,




ﬁ?w

in m, g&w& @ga ite mmpgy *za sthey axﬁm puelesy sléetrons.
mﬁy &Mﬁ&i%@; the total
enerey in the satier,

The Complen @ﬁmﬁ% i someehad ﬁiff@mﬁ, in that
gemse ey : setiy with loogely bound
elestrons in the mtter and the smount of ensrey tremsferred
to the electron Gegends on the sngie of ecoliisien. $he Glse

tribution of this sunesgy hes & cortein Form eplléd a "
aistritution®, rens

sSeRiE ey mﬁw iz gone

@ﬁaﬁm nes a gond ghenos of boing subsequentl

photoelectrionily, vepesia iy i the gg,m%i%g of mﬁwm&
thieugh whish it hep to pess is appresieble. Jhup some ems
peye will give up 81l their suerey to eleetronn in the uatter,
while oibers will @%%@ enly 8 perts there el the energy
iv trensferred

ginee it fe Miﬂiwiﬁwﬁ@
sffents

om the true mﬁa«aﬁsﬁmﬁ

third type of interastion - peir seodusiion =

1 energy photon pesses slose %o the nusleus
of # mawy &m* Tho photon may diseppser completely and in
£ werged perticles, sn sleotron snd a pesltron




m@ﬂ

snesgy of the electivon or the positrems 1m.c® gourpesgends %o
' e PRy energy of 1.08 MoV ig
necesgary for the pelr protustion proesss W take plece, The
sropawsvetion iz proportionsl to W’fiﬁ’:ﬁu
2{Ey} is seve at Iy = 1.08 MeV

ané ineresses repidly es ¥y

limited life end guiekly conbives with sn ﬁi%%%ﬁ in =n
gopihiletion® process with the proustion of two photons, |
egy 0.51 UeV o Thewe is, s before, & poesibility
spe or both of Hhuee wm teing sbeorbed in sutter.
yhon of energy %y s BB

- amount Fy 4 i&x m 081 MeV vy ¥ Y wi;ﬁ% MeV &y
peir produetion, with or without subsequent esplure
of ene oF both of the mmnibiletion guanta.

i g age 9, shows the relative evoss-sestions

of iedine for gﬁ@%@%@ effest, Complon effoat ané gﬁw
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 expesied to be prape

profiustion respeotively plotted sguins S
s reye. The totel ovosseswetion, which is ﬁwmﬁi@m
% e %&%@gﬁm &fﬁs&mﬁw; ie the sum of the three 1niive
fdusl amwmmmg o
| | if the matter whieh the gsuos roy strikes is & ervelal
i@f cae of & nasber of &m2ﬁ$; mg; mgfkﬁmm, anthyooen
atilbens, loalde (sstiveted with 15 of thallium fodide
. @fﬁu % @m@s%&m mvmﬁ in the Wm M’%ﬁm x1 tax
| %ﬁm of the stems an : Jughes {or aﬁmﬁm
’Q;im}* The ecmbinaticn of & wm&im&mg erystal {or orystals).
and & mﬁ%&%& detootor eonstitutes = ecintilintion counter.
, The amount of light smitied by the mﬁmm ie ﬁw&m
%ﬁﬁ% on %ﬁ& m@ gven o 4% by the gemne my sl mizgkt be
ﬁ@mﬁ_ & i%; gubjiest to @w’m’m&
| _fmmaﬁ%. That this i the evse over &t lesst & considers
" able energy venge bus been Wﬁﬁfmﬁ Thiz linesyity end the
mEtter of statistissl Flustustions will be Gimcusmed later,
The 1ight flashes should be Getestadle by & phoboe
e6il Wt the umplitudes goal pulses are astuslily so
m& %Ez&y are a&wii&m&zy M@ﬁ the nelee level of an
Howev towmul tiplior tube is used the
#igeal :iwex gan be mm& sell above the ususl neise level
m airect cheerva’ ten of the individual Maw

%ﬁs the 1ight falling on the eathede, for low z@v@xg of intensity,
a&k&w% ® a%ﬁaﬁﬂm ﬁ%ﬁ%ﬁm onge again.




1pueat are uek poguivet, in vhieh supe
. lesd ossile for enslosing the
ﬁﬁ%ﬂﬁ%ﬁ? %&% wae &#&ﬁa&i@ for stedion fowolvize wesk sotivities.
& Easupsion of the v %ﬁ% wilil now Yo ﬁ&%ﬁw

el by %@@i%&m op the a@%&%@@% svailulile
2 ted o o g@@ WR%@* Jor thin
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Nal
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, mmplification of app mﬁimﬁﬁgg 5500 times ond hBa fopile
ilieg for sitering the yies time of the snplified ulse sné the
*clipping® or decey time of the isput palse. It sleso bes B

aput atismator with 2 tines atepn over & range of 88:1, snd

iz sble %2 accept &%%Mr posi tive or negstive i%ﬁﬁ% %&gm* ,
The sutput pulsee are positive emd mey e up te 80 volts
in saplitude, fim gverioed ¢ rasteristies of the snplifier
are mmmmy ﬁ@@, wlges of 10 %o 20 millivolts from m
gﬁ@t@m&%@&mﬁ will proviée wmmh&? mized output pulse
naiyeis. In preciice 1% wee Pound thet pulses of sbout
1 or & volts could be obisized frem o photomultiplier without
noticestle distortion end for tuls resson further snplifiers
of elmple Gesign end emaller emplification (ebout €0 times)
sonatmeted. The of reult for these ap &
sure 3 end ie @wmmm the eeme

put atteruator (1600 ohms),
pulses fron the mmumw $hrsuch & pathode follewer in
oréer %o sveild lose of amplitude, %m eathode follower won
butlt into the seintillation ecunier assembly and the eiveutt
disgran for the shole 1s shoen
& gtenderd atebliilped power supply w8 uspeld thwoughe
out 0 supply power 1o eathode fellowers, * and slheyp
units. 7The design shown In Figure § wos used and proved o be
atieguate. “here extrs high stebllity wes requized the poser
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anit wme rue off & stebilising trenefovmey model 1007 high
ltage stabilised power supply (A.Z.R.E.) wew used to supply
o it might be
shange of sbout 75 in the

prmed is e ‘B’@&iﬁﬁ? @f woyss The sizglent method

bude {of Mm&i&imﬁwi iz eguul o the biss wﬁi&%& ia
appiied % e frigeer olrenlt beyeod the bles a4t ehich the

signel}. OSueh & biac surve iz of limited velue. It will show,
te o gertaln &ﬁwﬁgg it & gwim&m&im counter s seting in &
progoptionsl menner sué & pulse height disteibdution eurve (0¥ ‘
~differential bies eurve) can be constructed from 1%, by plotting
ﬁk& #ifforence in ecountleg retes belween susveselve poinis en

: legrsl surve. Jowever, sinee the evenis belsg ecunted
sre revdon in pature 1% esh be shown thet the uncertainty ir
the diffepentiel eurve reelings will be cozsidercble when t

finge Toy points on the inteprel ourve are ifaken ovey
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surrent time intervels (9l.
Zappone, ’s‘w pzemple, thet, for a golnt on the
stegrel eurve ¥, pounts are obisined im & %ime ¢ and thet
B, sounts ere obtained for an adjecent point in & pericd of
the seme duretion, %, but not concurvent with the count on
the fivst point, DTw standerd deviations, sssun . & z
digtridbution, are mm%ﬁm&y {5, ;é m (&, }éﬁ The Aiffore
pealiing 1o B, 8, but the stapdeyd deviation 5& fﬁﬁﬁ,}i
Thum, 1F ﬁ: and B, ave nearly egusl, the pepcentoge ervey ,
: orence i very large unless 5, end §, ave
| nand, if the two ecunte
ie soncurseatly so thet all the sounts ¥, erise fom
maﬁ glve counte in ¥, ep well, the stondeyd Gevistion
Thus 1% is geon that, as fer s the { ._;; ontisl

or pati-goingidonce oiroult followins e twe 2t
with & ssving of one sealer ep well.

]




1t wea envisaged thet the seintilletien eountey
woulé be usod in ssizpiferee ezperiments oveniuslly, emnd for

%&ﬁ resson 1% wes soneideveld deplizsble %o make the W

supes & and #f which M mm%&ﬁ? the trizcer eirsuite
"y 1%, end is m%%mﬁiw the same

: fn the fivet tabe. Uhe
second tude is ﬁﬁmﬁy eat offs
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8.
% 10K
00!}
. I—
f“)
\ i SURPLUS
1 .0l o-P.
P
| e :
o>
DIFF.
ot O-P.

DIFFERENTIAL PULSE-HEIGHT ANALYZER
(B) ANTI- COINCIDENCE CIRCUIT.

FIGURE 7.




" 29 w

The Sebmitt eireult employs direst soupling betwsen
the snode of the fizet tube sné the gric of the mm Bube.
Conseguently the bisas vellages for the two ﬁm ere obtaived
fron &iﬁ‘fm‘t resistance sheizs end this mway lesd to drift

BEse ﬁimiﬁ m Wﬂ fren the
) nvertel snf &%& %& the csutpat
o uise, @i‘ any, from the ﬁﬁm level «t sivenit threugh &
| m&m mzm is w&a

r aimﬂ@, when & suffied
mﬁﬁam sancellstion in the
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from the anti-goineidense eirouit is shown in Figure
howing the sountisg rete of the %ﬁﬁi

as & relaxaiion mmw* .
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serveen Por a sulteble $ime, photegruphs showing the eomplete
palse helght distribution sere chiained, _
” & recent methed of &lsplay iz to feed tie puluse

cme 4in as 1% moven To Bhe 2ight, By this meaon @

ﬁm statistical ﬁw@mﬁ# below it will beecme appavent
thet the efficiensy of vomversion of gemms e rey $5 1ight
enevey ie very imporiant. Bobt more inporisnt otill le e
thet sodium ledide 1s one of the few smeimtillating
t of relstively
highk atonie welghts %his is Bigily desizeble in oxider G

feat
- srystels whiek bBas in iis lattice an slenen

mhance the photoelestric effect relstive to the Cemplon effest.

tediun fodlde (sciiveted] eryotels of high epiiesl grede weve
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proved go sucesssful $het it has beon uped ever zineed.
The K.Cobe 1721 phutomul %2@&&@‘%@ first weed in

81 ffeulty in getbing 1ight fron the oryetal %o the eatholde

Thie woe later vepleced by the 5.0.4, 5818 photemltipa
whioh bas @ Srenemisgion type ethode depoeiBeé on the glass
euveloge at one end of the tubs. This proved to be & eonside
erable sdvanse, T.H.I. slse ﬁw@v .

{typs 5811) with & similer type
mun resolation is desirable.
sarly tests (ipril 1969) wi) — -
ator® indicated thet the seiztilletion ecunter 414 behsve es

& proportionsl deviee and geve resson to belleve thet 1% eenld
be developed in | govos vey Bpestrometer. Comptosm
- dietritution curves were cbieinable but photoslestren lines &id
rot tend %o b glesrly resolved. w86 Dot supe
 prieing oz very long counting times wope
ble stetistioal sscuracy, ans, in alditien, the source

ﬁiffﬁfﬁﬁ%m pulse helght ssalyser sud isdine 131, whese
rays are of sush lowsy onergy, jhotoelssirie pesks
ﬁiﬁ%ﬁ%ﬁigﬁ gurve veye oblalced. Thie ernbled gquantl
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nge (refleators,

teate te be nale on cwysiale, sryetal mountl
ete.} snd geomelrye

~ vxtemsive teste were corrled cut on Wﬁa& mountings.
| lcentienl Qiﬁﬁ%%ﬁié@ &m&i%ﬁ@m wore teed for sil the geg%

181 wee used for purpeses

of sonparisen of the &lfferent melhods of mounting. “he man
puplitude of the julees @iﬁ% from this go BEE ¥ay wee used to
 Getermize the reletive light eollesting efficiemsy of seeh

. method. Teble 1, mm indieates the velative pulse hefghts

| ohteined.

(s} 5.8

&%ﬁx mmaﬁ m m&&sx m @2%& W‘ﬁiﬁ
(4) ss (B) ;'-_ggmg gz,mﬁ@ wintow bebeeen 1444
| erystel end Pelly

{(8) As (4} with all &mmi
o p&&m

{8} 4e (B) with smell evyetel F" x 17z I . 89,7

Bghly 20,8

Tne method of evysis) mo
of the above teste is ss fellows. 1o orde

s;f:e &%&gﬁﬁﬁ ag g
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gotting at the sryatel, shish ig very hyzroscople, n plastie
“tube is ecemented to the esthede of the zhotemultipiler {aee
. Flgure #B]. |

on 81l sides

ani & leyer

The eryetel fe pelished
ured over the erystel cn the fase to

of pillivene grease i suw

over the end of the @Mﬁiﬁ tube to ezelude faﬁ%w alr Tren
Zhie prosedurs sheuld norsally be eerried
- eul in a "Gry box®s The effectiveness sf & pertieulsr iyp
tained for the 564 eV fedine 181 ¢
nall slear eryetale awe found
PEEDUNEG, wﬁmmﬁy for low srevgy *

| 1¢ lerger orystals are uesd sesondary Co
~ photons eve more easily eaptured end the peeudo-photoelestric
mple, the gurve for sobalt 60

effeet is sppreeisble, 2o un exs
hows the photveiesivie pemke
rays on the Conpton edge,
iéﬁi} diemster ang L fneh 3&%&@; srad
ped these would mof heve been so definite. In & similar way
srge oryelel enables sons of the m&%ﬁi&ﬁﬁm guante to
tured follewing the palr profuption provess, and results

ﬁ?gﬁm bed been
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iower doen. ?
HeY below the go
iz Figuve 14 ie & guod exm

| | it has wtﬁ

e Pey emeygys She thorium spestrus |
.; ﬁf hise

. the f@m@s& of m mw&m

- tieal snniyeis bapei on thin %ﬁ%@i%ﬁ% m W&‘B&ﬁ;

i | . %o veview, the %%ﬁﬁ%ﬁ;&%;&ﬁ sounter mmﬁéﬁ
eae eonsists of the conversion of ‘ ‘

~ photong %’a&f lew emenrgy) in § ,
_ ﬁ%& to phetsslestrune 8% the photemaltis L
stemaltipliier then inereas - ‘
s of m};ﬁmm’%&a& using the ‘,
gemsa ey %0 low eneray phioton @%mmim the @fﬁiﬁm
1e not high, (sbous B for scdtum fodidel, efftoteney
of the phot i plier onthode m emi tiing sleotrons fe:
 strikisg o pessing Wroush 1t 1s ot high (2-55) end,
- gﬁot@w eriginating in the sryetel do not even
hofie, isgm ﬁg@gmm &% verious gupfeses in theiy

| tomuliiplier, ené this variation i mgg senil by
anpuring el »
{1} an efficient seintillator is used
thalliun netivated),

(8sgs soGium lodide,




nzlu

f%é m W ar possible  the photons ereated in the
erystal resch the eathode of the photomultiplier,
by %mg & suitabls zefiseter pound the aryatal

 gné a @@mi opticn) bond Metseen the &%ﬁ’ﬁm and
the photomltipliier, and

(3} the photoslestrons from the %’Bﬁﬁﬁ& are %liﬁ@m

. effiefently by the fizet dyned nial
veltege on the firet stege.

PR ﬁ‘@g& & gaons
sertain energ the sryetal to ﬁﬁiﬁﬁil&&%‘ there will
b ﬁwgwﬂm ﬁwﬂ%ﬁm fron this velue smd e slandnyd
s  These Pisetustienre will %ﬁﬂw riss W

.w@w w11l be 2 (8n 2)8 3 wheve & 18 the stenderd deviation.
mm w1l else be Iluetustions in the m 'a.s@ig&&ﬁ%' m&*&i@s&m
jage multipliention in the mmmm

ii& b

| “he frecticmal resclulten (B) on & line ie defined
ag e width 2t bal?l belght @:mm by the mean ?&% of the
suntye of the pe

e,
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if wo take ¥ » & which is & reprezentutive value ﬁ‘ﬁw the photow
maltipliors tu question,

trene in gmgggtﬁ patl %o the geome puy energy, it ﬁ@zm that
s&% w&w&ﬁ e mgwﬁim:% $6 1/% %ﬁ&ﬁi&ﬁiﬁm vove besn mesw

Liveny porfios of e cwrve eni w‘%&xmﬁa i6 %?m shove
eguation fop &5 we fisd thet m pusber of slesliyene pew Lev¥
' s geite well eith

e lows of m&&%&ﬁw in the epe ytremeter af %%@M# ‘
snerglon has beon notised by Jeberdt end Sepsstein {19} ehe
report & ture ineny pelstionshls betosen 3% ena
¥'at en envegy of 50 EeVe Tids 1o very sueh
jomer then in the pressnt i inveptigations mod oan @mmm e
abtributed in W% % the ﬁ% ef the Hel.4s 8819 p R

theds in the lstier is vesy
: Shay spmer, end this is mm to affest
veselution, In additien, ama%@x siges end geemelry ave bound W
sffeat ths veselution, For exemple, high smrgy slevirons san
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- frem the lovge erysiels, sné thie glves rise % e preponderance

ssiees thap disterting the novmel Slstribution, In

would et m energies there :&m nevY

provites & peans of ehecking on linearit,
%0 YoV to 698 EeV. - The 864 Ke¥ line hes been

energton or of high everey &
the ptuly of neulyen %ﬁ‘%&m
adned end 11, i& the exempl . _ heats {
i, the end-point velue of .78 HeV se given by Kinsey

rays bigher

» Foy energy by e feetor of

ont for calideation wmagm pesuilts the

means f altoring the effective genms
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se {e.g. lodine 181} %o vover the rapmge
spergies fwem 10 ZeV %o 10 WeV. The altes

aeter might eonpeivably




sperience with seintillation scuntera,
f pembly of equipment, & portable
{tatiery opereted} Miﬁ%&&%&ﬁ% sqnter wes sonstracted end
put into use in April 1949, This soncioted of a 1 ¥ 1 photes
malsiplier, & sodium fodide (thallium setivated) eryetal, &

a6 a trigger ﬁm@ with vertable 'm,

| shunted b & suiteble ﬁ%&%&&%&*&& ‘S@ give an integrating time of
‘about 10 seoonds. | | |

trument proved to % of extreme value, not
parposes Bud slee for geological applicatiem
in the éiseovering of redjosctive ore bodiss. Hovenver, the
B *ﬁ&?&u‘ﬁﬁ bise Testure on m trigeer oiveuit wes %w@é o yﬁaﬁ ine

‘apvey werk was @am& sut m‘ m m:& July zﬁﬁ oyer t&mmy
lake sthabaske end Bleck Leke vegloms of ¥. Seskateh
where m&&wm éopoeits aﬁ‘ areniun ore hed airesty been
iﬁ%&ﬁ}
& now mmw for ﬁiﬁﬁﬁ?ﬂ&iﬁ m&imﬁw intensition
6P Gn BYEE BRB %&v&i@w&g _Inig wes %o jJoim up polots of syuel
tensity By lires for whiolh the tern "lsorad® wae
mich elearer ploture of the é;m%i%aﬁ% af setive
ore bolies wes obteimable, This methud wes pussible besauge of




VAR

the ineresced siability eng mueh bigher stalistienl scouraey
@kﬁaﬁmﬁsa with the . , 7 wes hitherte eveilable

| type of supvey instousent. Jone wew e

i fmg &t well ss extemsions to known bodlies asd,

of & vegion was slerie
sxapination of the yadfetion maps.
_ & sounting vete of sbout 10 sounte per seeosd wes

sver, thet bscause of the fus | » gasme
‘effiolency the cosumie vay &m&%ﬁ%&%w te the total scunting
rete vay negligible.
fests in Fiight indiested thet o Getector of this
as fessible for serial prospoctisg. Uith the sonsequent
s inerease in the speet of coveriug tersitory, thls
t ingertases in & country sueb as Cazede with ite

vest avens of poteniial redicusiive eveebeuring roeke.

ﬁﬁ’%ﬁﬁ%ﬁmﬁﬁz & muchmre senptdive &i&%&m ——
for ofl.

suse of ofl in & reglon.
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This work, however, iz rether suteide the meope of
the prosent thesis, end se will not b further die




= voye ip easeade (E8).
soergl very m@&%ﬁm
%%}g snd the velueg given spe ﬁ?i&ﬁ 11,0 ZoT and 1581.6 11.0
oy mm%m&ya

Bessuge of this simple decey oohems, the sceurste
e eobalt 60 & very ssavens

spe rags have been sespured

Tarly meesuremests op cobelt 50 with the seintillee
peotromater iz it Gevelopment stuge &kmﬁ mi?’ 8
ﬁmﬁw ém&ﬁ%%m with & feint me af i&f&ﬁiﬁm o5 ’:&m
ige. These were stiriduted $o the photoslestric -

tronie equipment, the employment of

eells, ihe dofes of more suitable erystal ohepes
methods of gebting light out of the erystal.
thet the cobalt 60 surve wl
troneter ie very &lfferent Ire
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gimm %y idné ot &l iﬁﬁ}. 5% one piege the

iiﬂ'h Bat with the cuhanced
ceur now o be less woll sepuratets

pation oo & esthols pay aw&&%&my@g She pesk on the

o 18 slesrly visibdle with the tup photos

%&gﬁm diatridbutie
n Lines abeye 16e
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Isdine 171 hes been siudled exlevsively in recent

years mosily es regaris 1%s disintegration scheme, The gemme

ray enspzies hove Yesn messured by Ustsger 2nd leulash (87)

speciromeier (286,2%). Iz the
present wrk foline 131 was sludied prinarily because of fhe
nge of velues of gamms ray energy from 30 eV to sporozie
mately 600 Ke¥. This permitted the examinaidon of the |
operation of the spestromster in an enmergy reglon where the
photesleetric orossegeeiion of fodine in the oryetsl is zueh
gresier then ite value for either of the cobslt &0 ger
{see Flgave l.}
“tuly of the phetolines due t¢ these geon
pereitted sn soourete moasuwrenest of the performsres of the
gpeaironeley aﬁ& the value of chenges i sny pert of the eguipe
sent eould be quickly essesned,. The linesrity of the speetro-
peter wos chocked musouvelely and, as hos slresdy been pointed
oaby this iz now considersd $o hold up o energies of at
leapt several VeV ept down to snergles of 10 feV or theree
abouts (Lezayel.

| s@ height digtribution curve for fefise i showm
Figure 1B, 25d on the some dlegrem 8 plot of puiege helght
’ rey is glvens Il sen be zeen thet the lstier

is, 8% a1l points, sithin 15 of the velue veguired by a
lineer velafionshiy end this ls within the sxperimestal syroy
in deternining the position of & peak.
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| from other prosinent lines. Thus 6 ssa be used %o
svpnt edventags For salibretion pupposes and in the present
iavestigaticns has been so Bged. Iu sééition, the B0 EeV
gasms rey is elss promivent, asd is very useful in the low
energy region while for still lower snexgles the Zeray e

mon, resulifng Pfros interssl Wﬁ?&i%, s promin
encrgy i £9.0 Le¥. |

pegring in %m Heview of Uelentifie Isatruments
; wenents in Wmﬁ%

sleerly the iotence 264 FeV lise with the 164 ZeV snd &% fe¥
iines below 1%, while Plate £B shows the high eneigy €08 KeV
iime, ¥late 2¢ ie sn oseillogrss taken by the beem inte
motulstion method, the pesk on the right deing the 364 KeV
1ine.
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{nigh enexgy reglien}




164 KeV 364 KeV.




w 48 w

tron scuree originally sterted cub & @ stully of the neuirosn
enargy dieteibutiocn (B8). Fowey , : o

v + Y . | |
ihe dietridbution showed & very prominent peek whish
agpeared to Yo 4ue to & high rey (Hee %‘%ﬁm A&}
bis wes fdentified er & puly productisn iine ond wae the
firet demonstration of this phenonencn i # seindillsting
srystel {80). It waw eoncidored desirsble to oulibrate the
spectrometer in thic enevgy range with s souree glving known
high emergy gemme »uye,end thovium sppesred 1o be sn ebvious
eholioe., The thoriun epectrun e oteing & prosioent 8,62 Sev
nent Gue fo thuplum ¢ . Thisz mishi e exp

ek wap ebiaived. %he psiv profuotion pesk irx the neutren
2 eepuryed ot S.48 eV on %m spele, corresponie
Py imergy of 4.47 He¥, 4 further very wenk
obinined s% 6.2 eV on the erevsy

e 7oy of V.8 YoV, Iihese vesults

ing to & geree

aeale sorresponding to &
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nll’vv‘50¢,

greement with those of Bredford /
beined fyon & stuly of the mmﬁ EPoups. %ﬁ ,
of eny appreciabdle intemsily were fousd in the Red BeV vegion.
A 4 resolutios on the B.45 WeV paiy gmﬁﬂim line
of asbout 8% wes obtained, |
& yesent seintillation speetrum of the sune
O gire 183, The polonium sontent hnd been wmuch
%&aﬁa& by decay ﬁ’m* & poriod of elmest ts
. $o pome five m&»nvw;
in the souree exigineily, wes eonfirmed by the eopsiderelbile
altevaticon in the phape of the gurve during the two-yesr Wiﬁ&w
wn there are two humpe -.aﬁ the high energy side
of the pair proSueticn pesk, snd these cen be sttributee to
the vepture of sne apl of two popitron samibiletion quenta,
The separetions betwoen the pely produetion pesk and the hunge
ghould e 0.51 HeY und 1.02 HeV respestively. UThese istervels
have been e plot end shew thst sube
slélary pesks ccour et the snticipated places. Ihe estimnted
regolution on the 5.45 VeV peak is between & end
Flate 3 shows an opelllogeon of the spectram.
&w&% Ee? paly @@@@w%m %@&ﬁz ie visitle at the top of the
mpurity in the source ave in svidence. |

souEce

in the gurve cghe

el oul on the Breetrus
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Be'(«,n) GAMMA RAY SCINTILLATION SPECTRUM.

345MeV. 3-96MeV. 4-4TMeV,

'
'S PULSE HEIGHT.







L

sguilibrion oith 1t deughter profuets, wae used for celie
pention purposes in the etaudy of the gesme yays fyom @
poloniumeberyiliun seulron sources gomes rey spestrum
wop gﬁa&m is sone move deteil se thet 1% wuld be svaileble
penice purposes. {(See Plgure 14).
The 2.42 oV o wr feoem thoriam

¢! gove o

perey soele sorrespontiing %o the ﬁﬁ@% of one sapiw
hilation quentum oy of both. In sddition, a Complon eldge won

?&52&1? with enerays %ﬁg therafore, tat
the Complon sontributios will be gulte eensidersble.

pe fo the dlsiritulion curve of Figure 14 i
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160 MeV.
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2:12 MeV.

RAY SCINTILLATION SPECTRUM.

2.65 MeV.
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Ag with thorium 1% wes eovpidered of intevest io

piot the zuow rey sointilliction spoetean of rudiun in

squiliveion with ile deughter groducts, ssd this is shown ©

A girong line wes obteinet at 0.65 HeV (photow
sleetrie iire}, and eeosker limes {alse Tholoelestris) wmave
obtained 8t 1.13, 1.46, 1.81, 2.25 ent 2.48 We¥, 411 of
ihese genme rays ere enitied by Ref,

: respepably well with
hows the cseillicgram of the spesirum.

souree ppeetrun (Mate 3).
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; 0-62 MeV.

Ra GAMMA RAY SCINTILLATION SPECTRUM.

181 MeV,

1113 MeV.

|-4-6 MeV.
223 MeV.
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ctugel redicmstive isctopwe ave
studied very widely at the present tims, chiefly bevause
| of their avellability, With the construotion of nuslesy
piles in seversl scunivies, the production of redicsetive
ivotopes I8 sow e éaa%gﬁimﬁ procedure snd is orgenised on
& levge ﬁam,. Gout of the rediosotive isvloges mre produced
apdment of aiable mﬁ%m with ther=el neutrong mg
keens enoygy belug m:mma #gunl to the bindisg energy
of the laet neutron in the yrotuct nusleus, the letter bessmes
deengeited by %?m emission of what is salled the peutren
ware gemss radistion. The etudy of thip wetiation, whieh
iz enittod within & vepy short tee of the ssplure of the
‘peutron, haw in the past been limited slnmget sntirely %o
laboretories with pile fasilitios evellable. It was felt that
the relatively low moutyon fluzes obtatnable from fabricated
neut¥on sourees, @m&n radiun ~ boryiliun o %ﬁ%&%ﬂ rilium,

Artifielelly pr

twing Yo the gomme redietion frem the meutven BOUTOE
seutione bed %o be teken o minimise this, without,
® $ime, redusing the vediation from the elunminum to

&% the ¢




& lovel too low for sbesrvatiose 5 be mades ihe syver

£t gresent in use 1s to shisld the seintiliating srystal frem
e mres {s 450 2illieusie peloniun %&giﬁm aeures
wae used hevs) ’@g & Leed ag;'lméw shout & isehes long avd 13
lusher in diometer. Uhe ‘&&ﬁgﬁ; &n aluminee Bl

8 iawéms w Glemoter and 8 inehes high bed o resens eut in 1t
ee thet it f1tled over the mz@%m%&@ aryetale A oylindeie
eal blsek of y&wﬂm vax with euitable helew eub in 4%
me@ﬁ %‘f&# %&%ﬁ dong @kiﬁ&& B on BOULOS,
808 sevved %@@ parpeee -'f ‘ teone

dete :-ze‘ o5 W . fizat mmde %f&s&% e mﬁm
boand %M eylinter 811 in their normel p

The deravt L %ﬁm Bred m Wﬁmﬁ ané g
eroen botwesn oorrespunding counte wers taken %
the @Wi@ m ] %&m m@mf %ﬁ?& %m te what bem wm plotted

',,;s‘; : at e ssunte dus
s the %m@&% iz % @&gm eoryeet for, in mwa@ the Daske
torae purEsund the gmm #5d the
&hﬁﬁmm @i‘%“wﬁ %ﬁﬁ% %’% hes when 1% s in g@@i'&im is mﬁ

o2 Ehay sukpround and genuine %iggﬁa&g . f« A yep
& m&a&%&a@% eugve in the @@ﬂﬁmﬁr encpgy region sné |
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. ey way give thres poske, o8 with the 4.47 eV
garme Yoy or ihe 2.08 HeV thorium gemsm »ay,
o8 yey energy lese 1.0 Be¥, ssé He

49 will be soen on exenination of the speotyum hie makes ihe

terprotation very diffieult espesielly e the peske
pre roughly 8% 0.0 ¥e¥ intervals.
fuv the sseumption that the pair prod

erably atrepger thas the subsidlery peaks v

ang 6470 YeV o wmg paiy profueti
5 poye of onergion 687, 5&@%@ V28 and 7.78 lav,.

ey W&i&% - 4 ?Q?gﬁ; ?&g&g ﬁt%g %&W; é&ﬁ‘i‘ ﬁ%%m ﬁi\%;
8428, 6.15 Yo7 s well e meny others of lewsr eneryy
thepe the Vo724 oY 1ive i the plrongest and the lines st

6o77, 6.35 and 6,13 YoV are of med 1y, She remas




repoiniion of the seintillaiicn paly s@g@@w‘m is zotd
gufflicliently &i@ to mwa%% iimss s elose tozstter s those

| § i $he speetfan seeus o
wanse for the slate

“hus §t ean give the ?F%&%ﬁiﬁ@ BRerEy
preduet mueleus.

The peir produetion peak ¢
neutyon sourse, which cecure st 5,48 UeV was used for selibree
BREs & ﬁ&@%ﬁ@a@& of the pulse belgh$ dletribution
sph shosed the pr |

tisn purpe
ou the eethode ray oselililogr
srity in the sourets

e s ﬁ"m of 10° neutvons

wecond, the sversge ensvgy of the meutrens being 4.1 NeV. Ube
" vatie of ¥ab (in militeurtes)to Be (is milldgrans) ves 1/15.
: = ' kground wes thet due %o 0.22 millieuries

e




imenty in suslesy physies hus bose dispuseed very $horoughiy
by tumeorth {59}. In 1984 Bethe and Jelger upel the teolmigue
in study the Conplon effests In 1000 1% wep uved for sounle
ray studlen, and in 1990 Dothe snd von Baayer {40) used it for
the detootion of two partiscles smitted sisultssesusly, thus
indtiating %%Wﬁ%‘miﬁ%m studies. ©bis teolnigue hes since
%g & very lsrge sunber of workeps snd hes ied te the
E ﬁmx%%m of the doeey soboues '
thie belng %he priseipal epplisution.

Panworth showe thel, for e glven securmoy £, the

time ? of woinelderce svunting sppeoeches o limiting velue s

$he soures d 5o gresl sdventege in
shteined by inovessing the sourss ﬁ%&%ﬁg‘%ﬁ boyond the valus |
where the number of &leintegretions per seeent i /2%, wiszre
% is The resolving Hiwe of e squipment. For soeh & eourne
frength the apeldental soineidence scunbing vole is sgual %o
the gemuine eoineiderce sousiing vate. |
he efficiencies of the gounters do not enter inte

sirengih i ineretsed m

sepesl produet of the met effiolencies of the
Wmm, end 1t alee degends direstly on the eguipment Pesolve
ing time. The net effiefency is Gefised es the effielency

per unit sollé angle integrated over & sphere. In otiey words




sounter at the sourod. , _

tepldos loventigeting the tineesorrelatien of 417
, am% g&ﬁi@m or ratlations emiticd by & dsintegwmting
_ " wuslaue, Dumworth ses cble teo mmm the sot efficiensien of
” - sounters by usning soupces with lumown simple dueny sahenss.
ssagure the halfelives sf short lived
rativmotive clements (iz the veglon 167 1010 begoni) by
L & variable vesolving Yime inte the ai'{ euld {41}
: er~iiniler sounters and ﬁ}%&
pxperinenislly the w&&%&m‘ﬁgg betuwesn the eney
ey and the dolestion offieleney »f the scunter For thet
| e propesed this 56 & methed of estinating ganes

gy of & |

in the %@%@% &a@%ﬁm% % high pet delection
&ffﬁaim&y {&@m} for gevma veys wos echieved, vhesress
nged Tven @aﬁ%ff $0 0.8/ depending on e
# P8y eneTEye Thue 1% m g@wi“&m %@ oblain & esant of
zieately e @i’ the tise m@;zm

a certain seoursey in Bppes
Dgnwortl, mmiﬁg that & soures of oplimun

xemple, the $ine teken for & gount of 85

euraey, using @ Q’@g%@%?@%ﬁﬁﬁ esunter, with & not effisiensy
geuned o be &*x;% and v resolving tize of 1 mlercsscon
25 wimutes while, for s seintilletion counter with & met
s Buy, 8§75 and the x

regolving ¥ime, the gounis




b

wmmmmmawm M&%%mm&%gﬁy

Ihe seintillation counter huns o Durther ady
- vise the Dapb that it cun be used as & garma P POaLY
%hus it is possible to effect at least a purtial sepuratl
Without this abllity to separate the gamme ray

snergien, only isobupes with slumple desay sohemet
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1ies Undil

studled with ressuneble hope of anaubigucus ves:
the advent of the selotilletion spseivoneler the noet suscense
ful methed of separatics of geoms reys of aifferent energien
w88 the abserption techuigue, This wss applied @:ﬁ%ﬁgiwm&y
iz soincidonee supurizenis.

The equipment leyost for the eciscilence experimen
ie shown in Plgure }74. It sonsists essentially of e o
puy seintiilation speoirometers, &:& Loy oo of these _
@WE‘%M sz o betu pariiele am%%mwr by ueing un aathrees
oryetal to detect the beta particles (emthrecess is %&%@iﬁ'ﬁ%ﬁ
isefficlent fur the detection of ganne m&}; we photonuliie
plier tubes with ﬁmﬁ%&a \ﬁ%’iﬁ;\ hed &s in Flgave 175 sye mpunted
with the orysinls glose tegetler in & light-tight box, &
 ploture of which io shown i Flete G» The source 38 placed

sl {1 1%%% &ioneter eyiingey, 1 ineh ;

Bted tc be %&mﬁmw&g & aﬁw%ﬁmx For beta W’ﬁiﬁi@

: £ one phetomudtiplier asil
ﬁm @ uree and the othes |
jrevent bets perticles from
mhmg 1% The purpoee of %&i%&% $un q@w&%ﬁg POunE

Tor bets doteetion is L ﬁf%ﬁﬁ & iﬁ%&@% suiid spple for %ﬁa
wﬁ%*&w& end s mm@am seatlering effeels at the
&m%& wﬁm glene o the ssurce ‘
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Seintillnticn counters mounted for
i toineldencs sxperimente,




TG -

4 sathots folliower oulpat is geovided for euch
paliiplier snd these feel inte twre lizesr anplifiers o
» type shown in Fgave 8., Ihe enplifiers feed into twe
pulse helght snalysers shoun in Flguree € snd 7, and the outw
. mﬁa of the sealysers o %o e geinsidence
£ 7 ' _

pules of soplitude greater Shey
ehenpels are used for opdin wery velnels
apeld for triple %imi%@i%ﬁ?@a The onle

pe fod S0 & mizer nalt shish gives

gulnes only when & peritels set of sonditions, selested on

& switeh, i meS. Thess conditions sreie |
{1} two eoineident pulses yecelved frem the fiset

(2] twes ecinoldent pulses ressived

{8} two soinelident puloee recelived Ffro: 2
6pd ne ga&m fyon the third §m‘%&-&&£m&@;@w}

{4}




the &@y&imﬁw of sondition {2) might give additicnel o
sous inforse tions (8] and (4} eve
¢ ueed for speviel pUPpoRSS.
m sléition sosh of the ¢
the elrvouilt & Gsley line By whieh pulese sey be deleyed by
ap to 1 mlorseesond., Yhis iz useful fer an %@&ﬂm@%&;
_ getormization of the scoldental colneidense eousling vete,us
1 %ﬁﬁa&mﬁ& long devley 1= onw chennel

genuine coineidences, assuning ne metasteble stetes to be
‘ ege is vepleble

% @ﬁﬁ §@ *

‘hes been fount satiefeetory. Yhen uslog sedlun lodide
| mﬁmms se & solntillater, the light sutput pulse hes ¢
| riee tioe of spproximntely 0.2 nievosseondn. The use of &
lng 1 ¥k less thee this vesulls in sz unceriuinty
7 op vol & genuine solneidence will be o unted,
r ene 48 W be preferred,
In & coinsidence experiment the melmtilistion
&WW is plotied for one of the teo cheumels ¥ rot of 4 1.
This chesnel is labolled {2} in Figure 174, ané will be referred
%o e ehenpe) {2) in the deseriptios following. From thie
pulse height ennlyser bies levels nesessery to selest
palese due mainly %o & gecew wy, whieh it is desnived %o §%§&
gidence with the mg‘& of the speetrus, are dotormined,
fingly end the coimglécmge




gzperivent vroper e carpled vute The Thole sppeteoun le
E § with the chawnel lebelled (1) i smell
eounting yeies deternined in G momad

mmn pay, chowsn in chennel (B}, is in
then the eoineidence spestram will heve She eeme sbepe as the

e yeye in the totel speetrus

ewer ocimeience sounts 8s & gamse re

e with 1teelf. Zinee differences betwsen
ket G1ffieult %o detect

parts of 1he ourven wlere ihe m%%%ag«
sous %o plet the ratle
of the esiveidence sounting vete to the tolsl counting rate.
Then this retie will heve s eonstent value in wegione where the
ruye ave in #&%Mﬁ-ﬁ&%@ aneé will be refused 1u value

' wgnnel (2] te not in eoloeidence with

rate 1s low, 1% hes been found advenisg




seoant of %&&@%iﬁ% of the
s the atic curve 2ol e

gyor Bhe pulee Bedghé sosle

ropelving Sime of lhe eqnipment fo € seponds, then €he

'%m sounting rate 12 2 ¢ B, B, sounte per soecnd

in ol iﬁ;ﬁf i 8 ¢ Uy Hut ¢ amd ﬁ,, are gonpten
rEpepinent, bence the "ratie” curve weed only
changed to eorreet for the scoldontels.

in slternative or muprlenmentery method of recording

semesh pey gpeciounm in Trs and s
sl the effect over & cultebie popied of Hlms.
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pales helght enslyesy in chesnuel {8} sve used 1o trigeer the

tims-base of the cseillosecpe,2nd the pulees in chernwel {1}

which ave in coincldence are Glzplayed on the serewn with
slese it the beglznisg of the sweep. This sethed

Eoen not show up slight Giffevences in the shepes of the

ie not of mush use eyeeyd shers simple deesy
portions

speetre and henoe
sehenes sre being etudled, or where the high ecuergy
of & speotrum sre being studled, Is the latter ces

B ﬁi‘ﬁiiﬁ% «f pleesr fue o low eneryy

due to the high enewgy goams reys, henes

ﬁ?ﬁ;@%é& ¢f the gpestrs aye more obvicus.

| £s 8 metter of interest, the photographie methed

- provides Infermation 'a& the seme Hwme as to the sacidental

esunting rote, for seeidental coiseidence yulses sre Giatribue
snly seross Wie sereens JFurther, if & mele-siuble state

w1tk o Belfelife iz the veglion of 1 to 10 misrosesonds is

forped, the density of pulses avielng from the deeay

: & ghest 2t the Begineing of the sweep smd Tel

exponentisily towasés the right hem@ side.

Yoo ezpeples of ¢oivelderse apeetra pblsined for
io¢ine 181 sre shown in Ilates 7: end 78, ip rlate ¥4 the
speotrun in coinoidence witk the 162 eV g
the left, while the full speetrum is shees on the eight, for
ealitretion purposes. Sizdlerly io ilate 7B $he speetrum in

8ifferencer in the

evinpldores with the €85 ZoV goome



Iodine 121 syeeirus in eolipgidenss wilh

163 sV cunpm rey {(leftl, full sseotrun {2fabfls




with & eslibyation apeotrun oo $he rishi. I8 will be notieed
that the rieing fromts of the pulses In the scineidence
speotrur sre lost due to delay im the srrivel st the eathode
ray cseilloscepe of the iriggerisg pulee vwhish le gemevated
By the pulee belght snulyser.

vhere seelers ere used with the colnmelidenve eyulpe
ment the existemse of & nela-stable plate 1o chown up 1&&* &
hizher then nopmel colincidence ccuniing rate when & Gelsy
lopger then the vesnlving bize Jo inseried in cne of the
chonneless The poyepl selnclisnes a&aﬁs@%&ﬁg rete with the delay
ig, of eoures, the nesldenial eounting rete apd chould agree
with the yete ssleulated frem the foymule @;ivm SOV E,

%&&%@ 8 shows ths sprongement of the regbemounted

unite in the







Irtdlun 152 hae mﬁmawé gore sttention frem nuslesy
physicists beesuse of the lawge numbey of
with its aisintegration emd its appevently simple dets epectrum..
(M} - The gepms .
%ﬂiﬂa aﬁwq ome

sey schemes have been proposed on the besis of these messuree
&g there hag been 8 pertain smount of m&g&i@aﬁm% |
i that ¢ study of the isotope,

s pays esscoiated

ray energleg heve been peapuyed with @ beta
ter, using the eonversion a&m%rm; and

solienes 1% wee oonsidere

ueing @éiw&ﬁmw teshnigues, might provide sufficient informae
tien to eneble the smbiguities to be resolved.

emined snd fe shows im Figuve 1%9. & peak is obtained st

LREEE Pay gseintillation sﬁ@@vﬁm was, firet of all,

approzizately B12 eV due, seeurding o beta partliele speoirones
ter neapupenenis, %o three games yeye of vnergies RUG, 508 end
816 KeV, Ascording to Sehoof ent HLll {46) the relative intenw
sities of theme gasm reys @ém 88, 18 snd 100, The seintillae
tien spectromoter hep net got & suffielently high regolution |

to separete theee po thet a single pesk is obditained. 2nother
peak of onnsiderably lems intensity ie oblained st 468 eV apnd
8 thivd at BY0 eV of evern smmller intensity. Thie spectrum
was plotted uming the dechannel pulse height ensiyeer, which
esn snelyse pulse Leights betwsen 5 volie end 24 velts omly.
¥or this vesson enly & limited eneryy range gon e goversd in
one yan, | |
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The single ehuupel snalyser used in the ceinsle
denee eguipment cen be operated over the range £ volis %0
100 volts end oan, iherefore, cover & mueh gresley oneygy

pages in 8 plot of the gemon ray gpeeitrun tekoen durisg &
eoineidence zun (see Figuve 81) other gesme reys end an
fepay are appavent, The AZepay osoure at &4 KeV (the platinum
K ,line) end gemme veye at 185, 813, 465, 613, 775 end 870
XeVe (These figures are based on a salibration with
 jodine 121.) The 155 KoV line is probebly & combimation of
lines ab 136, 156, and 173 HeV wmwd the 812 eV line i
probadly e combinsiion of lines et 58¢, 604 and 611 KeV,
Lines veported at 400, 415 and 438 KeV ere of much lower
$ntenpity then that at 460 %ﬁ?,‘@&ﬁ probubly gﬁ#& &% pereepe
tible eoniribution between She 312 EeV pesk and the 465 KeV
seek, Teo further humps on the distzidution ourve indieate
iines of &ﬁﬁ?g&&ﬁrﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁi¥'??ﬁ apd 870 ZeV, Wi apeurste
&é%i%&%iﬁﬁ ie not possible as elearly é@%&ﬁﬁﬁ pesks aye not
obtoined, These liven have not been %@?@?ﬁ%ﬁ‘ﬁwé?iﬁaﬁﬁﬁ in
the literatuve, but “tandil hae observed thet high energy
padiation (grester than 811 KeV) does exzist (1),
¥lete ¢ ghows &n ag@izzégxam,af the irvidium @ai&%ﬁi&&w.

$ion speetrun,

+ ihe pread intense llue @@%ﬁ@é%ﬁﬁﬁﬁ to the
group 8t 212 EeV while below it tho 156 KoV game yey and

the I-pray sre seen, Above the intense line the 4468 snd 618
¥e¥ lines can be geen. In Jlate 104 & '5' modulation type of







Gobelt €0 selibrat speidlocran,




w B4 w

photograph is shown, snd Flate 105 is the oorrespending photow
graph foy esbalt 60 {for calibeation w;g@as}a szamination
of Flete 104 shows the® thers existe high everyy vadiation ae
far out as 1,8 eV sna thet %ﬁ@m ars probebly seversl othep
gerns yoy energles in the pegton 611 HeV 0 le& VoV, These
would net e slearly resolved owing to the superpocition of
Compten distributions end photoelestron lines, the Torver

og nore important in thie region,
Ee? heve been Tound in the fisintegretion of iridium 188 ond
further gamve rays of energles Up %o 1.2 bev exiet, slthough
1% has not been possitle o saontity e mmﬁm 1ines,

raye of snergien 775 apd 870

greundeptate '&wzm ton war 1.6 He¥ sa teken
by Cork (48], %o G0 this & smell plese of the setive soupss
was wrapped in elgerette paper, pleced o the side of o aodiun
fodide orystel and the pulse height Gistribution surve plotted
at the high energy end. For celibretion purposes the high

- enRe¥gy reglon of the cobalt 60 gommn rey Speatron wee alse
plotted snd the %o endepoints sompaved,

The tridlum end-point is & combination of the indive
iduel beta speotira sEdepointe end the gﬁhﬂmmﬁwm lises due
%o the asgosiated gurms roye, wmmw the esbslt €0 sndepoint
in the photeslestron lime due to %m 1.88 ¥eV gampe ray




- 65 =

sssurate somparison of the two end-pointe ie sleaply not
possible but by using severel a4frevent vays of eatimating

' $he enbepoints & mean figuye of 1,661 0,08 He¥ wes obtaineds
fo meke the shepes of the two curyves resemble eash other as
for as pousible the posi tlon of the gobalt 60 relative o

the oyystel was chosen %o give roughly the seme tetal sounte
ing &a%ﬁ 8 for the iridium 198. the value of 1,58 eV &%ﬁ@@s
very @g&l wiﬁk>%h@% of Covke Figuve B0 chowe the gurves

ohtained in the totel enevgy Gstermination ené the difference

in shepe between the two eurves ie apperent,
Figures 81 and 22 show the resulls of LEEEe RIS

eoineidence experimonts, while Figure 2% shows the resulls

of beteegenma ceincldience experimenis. in esch coge & gamal
roy energy is selesled in shappel (#) of the eguipment end
somim ray or bele gaaﬁiaia speetrun ie @&ﬁﬁﬁ&ﬁ.iﬁ~$§&ﬂﬁal

{1) st the seme time aa the coincidence counting rate 1
deternined, In this way ersrors gue to inptrument Geifts ere
painly elininntod. The pulse height bend poioeted in ohmmmel
{2} for vech run ie marked at the goyresponting ylégﬁ.%ﬁ the

spestyun for chennel (1)e

snplysis of the %@&ﬁlﬁ@ showed thet the deesy seheme
s given by Cork (45] wes ﬁﬁ%ﬁt&ﬁﬁi@iﬂg serpeet sg far se 4%
went, Wl 3@%@&?@& the sddition of %@?ﬁ?ﬁl\ﬁfaﬁﬁiﬁiﬁﬁﬁ ss well

@8 @ Dew eNergy &@?&3; Copk's seheme in bused on ncsurale energy

wemente of sonversion electyrons end $he choiee of energy
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leveles % glve the appropriste gamne éifferencen,

“he proposed deeay scheme is phown in Flgure 24

rey enep

Surve 4 lp Figure 21 is the coincidenve gurve for
puiges aéi&iﬁg,ﬁ&Zm&? from the 2985 XeV garom puy, 1t dips
in the reglen of the Xeray pesk, This 1z $o be expoeted
ginee the ﬁ#fay aripes Tyom the isternsl conversion of geversl
gammn reys of different é&&&@i&g»aﬁﬁ the 285 XevV gﬂamﬁ yay
iz aot likely to be assecieted with 8ll of these. Jhis same
éip ie found in a2ll of the coincidense eurves and will not be

mentioned sgeins -The geome vey i semselsted strongly with
a lize in the 158 HeV group ond with the 208 and 516 ReV
lines, lees strongly with lies in the 865 asd 612 KeV regions,
loss 8%41) with 775 KoV but the curve rises beyomd this point
ting eoupling to hipgher energy lines. For convenmiense
iz referring to the level zebeme ail the peeslible trapsitions
nave been numbered from 1 %o 21 Curve A reguirep lines & end
18 {a% least), in ald@ition to those of Uopk's seheme, The
rlge of the gurve Dy energles grester then 975 eV may be
explained by the faut that ithe pulsew cecourring in the band A
are not all due %o lhe 29D Ke¥ g
szt be due to the B08 snd 216 Kev gamms pays as well &z to

w8 ey, but pope frestion

higher eneragy linsa,
Gurve 5 shows & streng ecupling to the 395 LeV anmd

460 keV lines with lemser eoupling to the 185 eV snd 612 HeV

viiaﬁﬁ, while the coupling to the 775 HeV veglon is very smal
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“« G2 -

4¢ with eurve 4 & rise beyond this point is obtained ut is. -
more pronounced in curve H, lLines 5, 12, 18 ant probably }.’?
are neaded to explein the shape
Curve © shows sirong evupling o & line ebout 1856
not to the 296 eV line,
s vesk coupling to lines in the 465 KeV regl '
vegion above 612 KeV. A% 612 KoV the coupling is very low.
ihe rive sbove €12 VeV eoculd be explained by the presence of
lize 14 or line 20 both of whish oould give vise to pulses in
bend © apd whieh eould be in coineldense with the €11 end
782 ZoV lines (8 2né 8 vospoetively in the flguve), The
resence of line 19 would explain the yesiduel ecineidencee
in the region belween 468 end 612 Ee¥. .'
' - @Wa 5;3 iniileates the oxictence of twe lisnes in
the 012 KeV region in casande, with s higher snergy line aleo
in espeslo with ocne or other of them. The sdditien of ilme
18 seems to be required for this, |
Cuzve E gives the coineidesees with the 800950
M eV pogion snd requires lines 12 end #ls The existerce of the
Py Jlevel &t 1366 eV, Trencitions
from this level to the two immefistely below 3t would give
Mnes et 156 sn@ 437 eV, whieh Cork et al. have found
heve not fitted inte thelr level sechens,

~gonme eolncidence investigations
 s@éition of lines 6, 12, 18, 21 ané possidly 17




e BE e

jevel at 1856 ¥oV, The ezistence of lines § eng 12 (788 and
BBe KoV %ﬁ@g@@%&w@zy% ssems Yo Bo eubslantisted by the genme
roy seintilletion speotruz shown in Figure 21, Thedeoillogrem
ef the spoetrun shown in Flate 10 shows the szisteonee of
samen Pays of cnersy 1.8 VeV, Thin would Justify the ismeluse
fon of line 11 in the degsy seheme, The feet thet me linen
seen to be resolved in the reglon 700 EaV teo 1.8 BeV prodably
iscientes the existence of seversl elesely spesed lines, In
- thiz region the Conplon effest {s cungliderably move imporient
then the g%@%@@i@@%wi@ effent, and this nekes 1% sll the meve
Aikely thet lines will not be veselved, U0 1t is proWuble
thet lines cofresponding %o =1l the pomaible traneitione
ﬁ@%@&&i&’&ﬁﬁﬁ%; with that at 1386 KeV very wesk,
The betasgann
& sot add eny &g@%@@i&ﬁi@\gﬁﬁﬁﬁﬁﬁﬁiﬁﬂw ihe coinpidensesheta

n eoineidenee sysetra shown in Figure 23

gounting rate retle bes s subslentially sctistent velue over
‘most of the beta speetrum but rises graduslly nesr the high
energy ends \ | |
To explein this 1% et be realised that the beta
- spestrum cblaised from e seintilletion speelvomster is very
@iffevent from that cbleined with & megnetic foousming type.
In the former both bete perticles and gonversion electruns
enftte€ et the seme instant will geserally ﬁ&-@&@%arE& in
the oryetal snd will give vise to & pulse proporticnel %o e
total epergy of the %@@ partieles, Thue low eueray %&%& |




e L e

speetre will tend 1o be pushed cut te the higher wnergy reglofie
thore is also the possibility of eapturve of gmume yeye in the
oryotel whieh wlll glve mueh the gene offeets These effeets
gould seuse the pulece in She highey sneray région of the bete
spestrun to be fdus iﬁlﬁhﬁ.ﬁﬁiﬁfﬁﬁ seta pavtisles belongling %o
low enevey btraneltisms with the repult that the zoinsidencee
bots sounbing rate ratic might ineresse ingtesd of Gesressing,
as would mormelly be szpactod, :
. Copk et a1.bave reportsd (48) Kelel differevees

shavscteristis of vembun in fhree of the internal &@ﬁ?ﬁ?&ﬁ@ﬁ
- geouge they identified in the deesy of fpidiun 108,
paye serresponding to theso groupe a¥e afiditional to the
,%ﬁaaai%iﬁﬁg intieated iz Figure 26, Uhe Gecay to esmium 192
‘ %ﬁﬁ% hove & za@-gvaﬁaﬁﬁiiﬁy'%ﬁ@@%&&é,@iﬁa the bete smission

4 nor dimyroved by the

gresess sof hes neither Leen gontirne
experinents dossribed,




“ §8 =

yiadum 143 By beie emiseien
e (47481, Zete purtis
_ grauniieg transitlion) sl .41
eV tn the retic BO1V0 have besn reported (48} while ese group
finds & betn particle of O.28 We¥ necesassy m&%@m this hes
% been cheerved (50), Uaume rayo spe repovted at 146 Ze¥ or
thepesbouts (4, 81, 02) snd et 816 HeV im% e Iutter
gemem 3oy 1w Souplieved by Hesdeviliv ¢ dre {58} % e
due to an impurity.
Higppel ot sl. {54) bave reported s mete-stable state
siymive 143 at 148 EeV with » hal $elife of e T
e mmﬁim 2% 8. %ﬁ@% slode that the 145

cepius 141 decaye to prose
with & helfelife of @;@wx&m‘%&y 80 an

reselved was found %o be etrengly with ﬁm%&%'
192 us shown by the geow L

s fyom an ond, for evineidence




stadies, ves found

ﬁ%m are for $hie piece.
The gesme ey mﬁ%&ﬁ&%m spes s

ﬁs@‘%} | i%@@ %3 in the ﬁ:i

~ m igﬁm&ﬁa& m m soupszed with mz w the &&ﬁ ?ﬁa@
180,

_ fver & mw& goriet of Woe (B %@w@ % wap I 'A
%&:& %m shaps of the seintillistion mﬁm ¢ 4t

m mm aneray Tor e ﬁwg o8 wee dond
for iﬂiﬁ&% 192, The same proseduze wes edopted and cobslt 0
wan uped %@ saliveation. 7The endepoints of the two ous
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