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Á. c*intil"'ieà.|cn srect¡r:¡reter has bcen r.rs,ê<l *.o sïurJ;," the tì::.ec

r.ril':.'v.1-r l':' r"nr'r:-r¡'r.¡1* :-edÌ-r:;ctive isot"rlesr -r,bs7o /jí' . :r,:rì T^-j-åo
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Lj,-''r* ?Le reillr-ra*t.ve rieeay of ïh'1 ' h** bcen ¡,i,lilieil r".:r"-i.n¡g ti:*
sc.i-ntiLl.¿Llons fl:i¡j-:; â :Lrbj-di",r:q icdirie, thaili.rm âsti.¡rtcrjr Ðr,,r5!*;.,

fi:e bst¿-s¡cr.:Lrr,l.n ]"Í,:,il l-Ì"5 lie.,¡ o¡ h*s i¡reri cl.:i;llj'n*ri ri¡r1 åri e::r;*

',i:jl:t c':?i*.':. c! 'T.i !-.c-,t j.S inCicsi;r:.:.j " 
,j.l:c alIlrr.itxj ìrr:ri: j. licL, j.rr,*

jrid'içn in ;ha::e, h*s i:cen e;¿treÐo-l-¡:tsir rir:e,-¡::j,,i, t* .zi:,:r,] eir+r";--,, :ìiiú

ä 1:*ta] co:,:-rlting rirt,e uf .t,r¡?9!{:$ c,:rrinis r)Ðr- l,:rån."i¿e î..íås *i;t,r:ined'f"o4. O.O9¡-¡g
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''n':T "'.lr'-i 
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ï51-t: ;ì' s-le,tr,ìÍic s.-:.',rrllr f,rr" ihe \"5í.i ì.,'-ev ;!&,..trîÐ r,,t;ii-.;i.i*ír {:r:.iì)¡i*i,i;:¡l {2
Íul--j.ou ji*r-'4?Lr.ir"e in r/it i;,1 ti:e first e-:cit,r¡...r-era--ì- of iiSc r:îs !:ei:i:

I'i:itirj, Cc';:::sc'l:icils for l:,:r:i:¡Ëorrn,i dist,nrtiftlr.,.¡r.i,ls';i:fc-,,,t"e¡,ì" C,:,:i.i_¡l*r¡,ri.i r.rn;,:

.,f i:;i:rsi. lil * :'l,ji-rrl,::ì::i,¡c -î:,ii:lil;.i.i,_ie s in Liie s.:rui-,Ê ::-ït jr;en t,tì1,:íÌr.

j.i';ïc fl,:crr-.i::'i," Crt-I r,.-tl.a',iolrf¡ r.c',;cal_ fiir¡i lile Itilt-f-l_ijl* ¡:f ,r5i.1 o,,'-

¿i1ís -:,o!:je ,:-fl ii¡:ca.. j.ê ::¡"cl¡.'i.*:: -j;l:tn .t.,e )î 1¡13-:1.rç:t-.i,

't*'i-S;i] " ,\, îij *+,11J:ç¿" b;ts*J .*n tile siri:|,,-, Þär,-ì,:ie silelL l:*i]e.l: , *f a;îi*

etn'Lå*: p:-r:p;:;:tå+s 'of Tn18'-' ì:..i,g 'rcen Ì:rotas*;j 3nrl ,q 3i:,¡l.cf.. f+r tiie
),'."2 i:¡>'¡ ,r¡:ij: rJj k"e,,, çA:rr.ã Ft{'.,rr;3¡ r,¡hi¡:i: s!.roi;_l_d" :1,:l.i-,rr: ¡,,¡r.::i,+J,Di,,?..-j'ij3.i{.ri:

a:-r¡ì lrl*rl¿lltçï¿;r le.rl¡:ciir¡e,1._1"¡ l:as i:çe,., ::rC.c.* å : r.j_:, j_:,:l::- ::¡lí,* j.i í^* r:fi

2.9 x J-0:'2 ,,.çg.s ii:-,:s 'bl;,;+n di:ii:::,;j.,';c;ci fcr c,1 t,hrlr .':û¡,rû ef" rlcc'¡r, -).t,j:J

ií)-ñs :ìôf ¡ill:r-íri] ¡...;: 1r' the i;rrrc"-r,tii:*l ¡i,r:Liì:^g irri'r,r-)sr3:i1 :r,,l i; ,ï:r.i1j-a :iì*,i;
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Ëìsjì-{t lüt-opr., cIIOrI

(i) lgerel qqlvsr' (r) (z) (t) e)
The first erri.clence for- the fnstabiltty of nuerei in certaÍn

energt süates, vas the observation fn ilre c]_osfng y.eårs of the past
century.', of the raclioactivitv oi. the heaqy elsnents, fn add.ítion to
alpha and gmraa euissiono radiatíons consis.bing of negatÍveJ_y eharged
partÍc-1-es r'¡ere observed in many câses, w flre measr:rement of theÍr e/rn
vaÌuen for i'nstance, these partlc-ì-es have been identÍfiecl as el,ectronso
.?fith the advent of the artificfal productÍon of r"arj.Íoactive nuctef
thls phenolnenon of beta enigsLon has been shor+n to be very uide si:read"
There are ïerr few rnass var-i.res cortres.Ðond,ng to wtdch the'e ie noÈ at
least one beta-radioaetive isobar,

rn additicn to negative eleetrori enission trrc other idncrs of
beta-radíoactive processes, positron enfssion and. orbital electron
ear:ture ars rn:oun. ar1 three of these closer-v rer_-¿rted processes aÌ.e
llnorm sallectively as bete decav;'fsr each prooess èhe mass number ¡[- ,,o

remains constant. The process of negatrcn and rositron eï¿ission *a_r"

be ::eÞresenùecl þ:

zA -n (z =')A * pr +
r.dro::e'l) 

"upt"r*nts an eeconpærying neutral particle.
the orbital e'ì eetron canture is represented þ:

zA -i ¿.- ---¿ì (z - l) +

(t"r) ;,(

ür t,he other hancl

,

Ð
GeneralJ_y speaìllng the lifetines for the be

long; rneasured half-tives va(1¡ from a fìnactfon of

(t.z_)

ta-:;roeess are vcry
a second to fOl/'

-1-
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rzears or nore. The slor¡ processes are assocr.ated r.rith large anguJ-ar

aonentrrn ei:anges T:etr,¡een the nr.lclear statés invoLvecì, as r,rerl as r,¡ith
parit¡ chanles,

Epfsteæologieally, beta_decay in nucü"ear ph¡,sícs fs í:nirortant
fcr tur: reasons. þ neasrrtng the shape of the beta spectru-n infonnation
about the angular nonentur,l afld. parÍty cirrnrges involved in the transÍtlon
ca¡ be obtained" This fs sÍgniflcånt in cletsmiaing üre static pnoÌrertfes
of the pqrent and daughter r¡:crei. second.ly, the beta*deeey process pre_
sents ¿¡ ner¡ t¡pe of interacti-on in physícs, The fonn is si'ilar tc
that of the electronagneifc intcractÍon in the process of e¡:rission ancl

absorptlon of ligrrt quanta" unfortunateJ.y, the beta*iÌecay process fs
consíd'erab'r-;r rnoro conplex ancl fu::theÌTnore, u:ere e;ciste n6 classieal

¡
theory thst attenpts to e,vpJ-ain t'r1s t;pe of lnteraction as fi:_L1;' a6.
the electrona;¡retic interaetion r.s e:mr_ained þ Ì,fa:cwetlrs r,heory" ?hus

one has no luide io the stucr¡,r of ttre beta inieraction,
TLre neutral- parüiele nentione,J Ìn equat_ton (1.1) and (1.2) i¿as

postr:lated b-.'¡ pa'ri and utilizecl þ Feno' in his attaapt to for,ru,r_ate

the first successful E:antitative thooq; of itre shape of the beta
specÙra anrl 0f tre 

'ífetine 
of the beta-ray eunitters, lts e:dstence

r,ms oostulated in order to satisf¡¡ bhe basic prfneíple that the ,Ðrocess
of beta-cecey nnst sati.sfy the 1ar,¡s of conservatlon of cnerççy, linear
rnonentun, angular nomentur, a*rcì statisùics,

The beta*d.eea;,r ilieory set up þ Fe'mi is based on a raathe¡natÍcal
strueture r¡hich envisages the interactiolr as being due to tho con.binuors
absorÞiion anri. re-enLssion by 'che nucleons of vir1ual e1ectrcns ancì

nøutrl-nos' l'lhen a real electron-neu'brj.no pair aplrears a beta-er.issf on

has ocor:red(5)" rn the constructicn of the theo:¡¡n the nailre,:atica_1_



fonn of the lnteractÍon as r,¡eIL

interactlon forus r.ùich satÍsf.v

rnents are: (6)

S or scal_ar interaetion . . . ... . ...,.lb
V or pclar vectr:r inter.action.,. ....Hg
T or tensor interaetion ..c.4 .....,.Ih
.{ or ardal veetor fnteractÍ"n.:. ....HÅ
P or pseudoscalar interactiolt,,....,...,,H1>

-3-

as its strength, nust be lstotrm. Sevsral_

ihe phl¡sical ancl natheratÍeal require_

(a)

(b)

( c) (r"3)
¡ rl
|,'0/

. (e)

The conplete beta-Ínteraetfon is, a línear corbÍnation of the above; that
ls, the raost gene::al Ìfaniltonian for the beta-jnteraction is given bv.

g= CSIfu t CyHV + cfl, * C¿H¿+CpHu (t r\

The coupli¡rg coefficients cx *" constants r,¡ircse values can on.ly be

rleteri:,rinerl þ conparlng theory r,rít,h e:crerlnental resul_ts" Er1:e::inentaJ.

.evirlenee is eurrentl¡¡ regartled as ì:aving establLshed the follor,ring nojnts
regardíng possll:le conbinations of thc fl.ve fozr,rs of j-nteractlonsl(g)
(i) The I ancl -{ forrns nust be a na::t of the ecrrect 1ar+ of bets-intor-
action, 0n-1'¡ the T, or ùhe,{, fon:r ylelds Camor.r-Teller selecti_on nrJ-es,

rdrieh are neerred for understandrng the short r-ives of raany beta- inter-
aetions u:ith a unit snjn change and no parÍtv cþnge"
(1i) The 5 or the V forrr mrst also be incl-uded* ihe chief e,¡idence for
this is the short life founcl for beta-iransitions betr,¡een nuclear states
af zoto spin*

(tii)Xfnu P fonr is neec'led to explain the síngrlls¡. RçE spectru:r.
Bach of the above argurents require the inclusion of soae eoj¡ponent

fonn r¿itho't preclr-rding the prosence of other fonnsn A generalry reeog_
nfzed enpírica1 argrnent ís that not both I and .A, fonnsr nol. both the
S and V foms, can be parts of the coulllng. ff the;, are, then the spee-
*Reeentry.Ye¡nada has shormr that srT(1-0) and vra(I-o) fit the experinenraLdata for the RaE Beta-sp-ecùrpl as-rdell,as Trp(ó-dt ií i[" ff"ite De Broglier,rave length effeet íe t,aken fnùo aecount.
M. Tamada, progo of lheor. phys. Ig , 6çSÐ r g5Z 

"
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tra of alloved beta-enission should d.eviate fyom the ar-lor¡ed sbape.

However, no sueh dcviaticns have been found" Also eiarerimental evi¿ence

shor¡s that cy"ad cA, rather than c5 ancl c1, appnoxinate zero,
(i1)

The detaileå theory by r¡hrch the energ¡r s,cectrul Ís ealculated for
allor'¡ed transítions invol-ves the evahlation of ¡natrix elqrents arisLng
fron the general Hani_ltonfån;for the beta-interaction, By considerirg
onJ-¡¡ those transitions çrhÍch have tho largest rleca¡, constant, ancl herice

the shortest half-Iife, the selectlon núes for a1lor.¡ed transitions åre
arr'Íved at, T!:qr arel

S,V Al=o ATr=no

T,A LI=O,tl, no o-o A-Tt=no
nhere J i-s the total angur.ar. no¡nentu¡r and ff 'bhe parity. The enert.{
spectnr:r for an allor.red transÍtion f_s given .lry: (Z)

Nt(w)dl'r = çr2¡nf)r{Tsri+)pr¡(lt - Ðfo(r{) 2(r + b/-r{)d}r (1.5)

r'¡here the rest rnass of the. ner:trino is assu¡ired Ëo,,'be zerge and Nt(w)dî{
ís the -Taction of the total rrrrmlber of processes r,¡:ith 'r,ota1 elect::on
energies betueen i'J and. r,ffdW, r.he upper sJ.gn refers to positron anci tire

,Ior¡er to eleetron emission. F(FZriu) is a cornplicatecl funetion of Z anrl
i 1'I" IÈ descrfbes the effect of the coul-øcb fiei-d of ilre nucleus on the

: emitted eleetron. rts effeet is to enphasize low-energ¡,. electrons and

ile-enphasize lor,r-eneïgr posÍtrons, ancl is i::iportant for all but t,he

lightest elenentsn Tables giving íts varue for a large ranße of values
îor z as'a ff,nction of p, tho ereetron rnonentum, exisÈ(/r5), The tç¡m

.aphr(% - 1'¡)' represerrts the eneræ¡ d.epencence of the distribution fïnctíon
for a pure lntcraetion, that is, wtre"e ì;here Ís no cor¡.lomb tïeid.. rtlås
caLlec' the statistical uelght, Tt ls d.erlved on ùhe basis oÍ' ¡he nunber



of states avallable for the particles in momentun space. g2 repæeseats

a coupling consúant, The tena þ;&, refe¡red to as the I'lerz intær,e¡.ence

ternr r¡arÍes very slovJ.y r^rith I,l and Ls usu.ally regard.ed as being er'fec-

cively ãero. i'he factor l,f ln equation 1,5 is a nuclear natrlx elenent.

It 1E a neaËure of the l,rrobabilfiy oi occurrenee of the'transftjon. Its
¡¡alue depends upcn the type of interaction assl]Dled and. upon the lrave

fi"rncilons of the nuclear partleles before and. after the process. since

little is lmornr about the r'eve f\rnctions I.i can only be estjmated" M

fixeg the orcler of the transltÍon. It can be eqpressed. aE a series of
temso r'¡hich ff they d.o not rrær:ish, beccane progressively s:aller. The

fÍrs'b tér¡rr if ít does not vanlsh, f.s inclepencle¡t of ensrg¡c these trar¡s,i-

$lo¡s ena r¡hat have ho:'e been called alloued transltions" C is a eoup-

l1ng eonstant which nry 'l¡e the sim of tÌre squares of ilre eoupling

coefflcfeuÈs for scalar, tensor, etc. t)nce of LnterastÍon" Tt gives an

aopPopriately læighted raea¡r of the square of the nuclear natrix elenrent l.{,

Comparison of obserred spectra r'rfth theory fs usuall;r nade 1rlth

the aÍú of ùhe Kurie F,lot. lillth b=0 eguation r.5 may be.,,ß.'ít,ten ã,s3

rrt(ïr)/F(izruipu T/4=K(H. - 1¡¡ (r.61

'.'there K Ís nou intLependent of the enerry H, The nodified Ferrai fuuctlon

G=pf(lZrl{.t/\& has been gr4¡T.uated for a large range of Z r¡alues es a

fi¡nction .of pr the eleeiron Ìäü?entrm(¿r¡). }¡1th the efd of the obse:nred.

ênefgy clistrlbution the quantity on the left may be con¡n:ted and. plotted

agaínst enorry, Ef" For anr afllor.¡ed spectrrm a straight Line shculd be the

regult, Hor,lover, tt is often the case that ti:ere ed.sts trr upr,rard. cr.¡r-

rrature at the 1orø energ;r end of the spectn¡nn ?h-is notr-lfneariiy at the

low etrergy er¡d has often been founà to be attributab.l-e to d.istort-ions
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introdueed by self-absorption and seatteríng. The use of thinner soìrrces

and thinner bael:"ing naterials has been founcl to Ì-nprove the lÍnearity
of the allor.red liurio plot in some instences, ûn o.?:her oeeas_ions¡ however,

the non-linearity of the allor,¡ecl l{r:rrÍe plot has i¡ot been correctecT tÉ àhfs
sÍrrpLe nanner' rt Ís ihen exi¡ected tirat the transitíon fs nct al,lowecl"

(iÍÍ) ForÞídden transitio¡sl

Ïn t'he theorT of alloued bete-,leca¡r on.ly transitÍons beüueer ûü.r

elear states of the sane parlt¡' and d.iffering in spín h¡ no i;,iore than
¡ne un-'i-t¡ are pe::lÍ',ted. The alLor^¡ecl-transition seleCtirn r,.lles ar-î se

af'ber certain sraLl effeeùs.are left ou,t of eonsíderation, These negleetecì

ef:'ects becoile veFr i-:iportant uhen their absence leads to a vanisling
transjtior. rå'te inas¡uch a.s theli then becone responsible for the for_
bldden transÍtions"

The srnal-t effects ne;lected. in the alror,¡ed. theorx. are: (1) those

clue to eorrections needed to produce Lorentz invariance in the vector"
tensor, and axial vector Hanrlltonians, (2) those aarlsfng fyon the vari-
ation of the lepton r'iaves(erectron and. nerr.tron r,raves) across the nueJ_eus,

and (3) those ari-sing r¡hen the scurce velocit-," is not neglected." The

sou'rce veloclty effeets are introducecl þ the requirerrent of torentz
inveriatlce for &;frA sinee the e>:bra terms ¡x.esent in the tianiltonians
of tl:ese interection.'forrs are of the order v/e¡ +o.ere v is the nue.ìe*

onlc veLocíty' Tt is for this reasorr ttrat these extra terrrs are refer=.ed

to as rlgource veloclty effects.É l.Ihe¡r these veiocity intera,ctlons are
includedotra¡sitions v¡h:ich rriolate the al-lorvre<i selection ru'teg are
generated and are referred to as forbidclen transitions. llhen the variatlon
of the lepton lraves'âcrose the rn¡etreug is conslriereC the nuclean matrix
elenent' has to be exr-,ressed as a serles of torrrs r+hleh becorre proses-
slvely ema'lJ er" The ntb te::¡i introduces n côrnpÐnents of the moment ar:n

"1{



vector, rr into the nuclear rnetri)ç eì-enent, giving r.íse to nth forbidden

transitl-cns whieh ¡na.¡r or iia;.¡ not, be vanishingty g:tall" The seleetion

rules for the genereln nth forhidden transition are as f,o,t-l-av¡sr

AJ= ¡n n *L;An={-f)* tr#t
AJ = rJ, 1, z LII= -L n =l

where n=1 corresponcls to first forbj-dden transitions and. n/I 
"ot'tesponr-ì-ß

io second and iltgher order forbidrLen transltions. The sclection ruies

for the elLol¡ed transl.tlons have been glven above"
.a

The el-ectron{negatrcn) speetrimr for an n*tL:nes forbidclen transltÍon

cen be wråtten as (g) !

N-'(i+) dr¿= lsT/zf)r" {+z,rr)(pw(l,ro * rr)z sn (w)

in the notatj on used for Èhe al].oved s¡:ectrr_mro Fo here ís definecl as

îtzr\t)/llfYJlz rdrere tr is equal ro [r - t< z)VL/zryis *re rine srru-

eture constênt and z, the atonlc r¡u.nn..er, sn(tJ) is call-ed the nshape

factorrï ancl is of consídera,ble importence j¡r thst iù ls used as a ne&ns

of Linearislng the all"oi+ed KurÍe nlots of forbldrien transftions, ff Sn(ïI)

fs tnciopenclent of the enerry ÞÍ, then the spectn:m has the ttstatj-stical

shape*--17pH(!¡o * r.I)2 modffied onl¡¡ by the toulomb effectu Fo(ønÞi). ïn
generaln however, s"(u) depends on the enerry and a departure frcn the

statistícal shape is to be e¡.oected,

several fo::ns for the shaÞe factor heve been trl-ed. þr various

r,¡orirerS in t,he fleld but t'he one presented here and. r,rhich Íd.tj. be used.

lai;ern ís tbe one dcvelopld þ E, i(onopinsltj.{9)" Thls shape factcro ç"til_ch

is sometiJxes refemed to es the rre)(actr! shape factor, results fron corn-

bÍnations of ST eo';pllngs,

fhe generalo n-tfrles forbidcJen shape factor can be r+ritten as flre

sum of, tlro pertl¿l ones:

(:."2i
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e -cI1 , c n+J.vn-rïì T un {1.S)

Sf, contrlbutes to Äi=n but not to AJ = n*1 transftions r,'hile Snn+l

ls the total- sbâp€ factor for the tt r"m.íquert forbirlden transitions,

AS - n + 1, It also contríbu.tes to AJ = n transltions (exeept for

J - O+J = n) bn:t fts contrítru.ticrn is negl1gible if t,he Couloi:lbr euergr

t\ 3,/P f s rruch greater than the ma:dm;n kinetlc enerry, l,fo - 1, { / is

the nuclear radlrrs),

The partlal shape fsctor Sft for neg*tron qnission may be r"r"itten

asr (9)

s| = a;ruL-* ZIlp ff_(q ^ UÍx {t: P,(qx4) +

^1Fz/a.e)'cl 
r"[<) + .f,'r! r,h) +),n[,2/ec:1,(rxp,t)t

af,Q(,In(rxu,¿,) r l,À,(oz/àc, c, Jntr,4J ...(r."e)

'¡trere the r¡n"r-n KonopLnskLts notation has been changed to.A, u io avoíd

conf\.rsing it' lrith n. 1'he f\:ncticns P* represenù radiations b.¡ the j-n-

divj.änal ttpurer!' reonents, ancl t,he funetions I* are restilts of ínterferencÊ

betr"¡een the radiat,Lons(10), Both f\:nctÍons Po and Io depend on the eu:itted

neutrino €nÊrffi+ The evaluation of these functions has been greatly facj.-

litatetl by the worlc of Sose, Perr;ø, and Disnul:e{Il) o vho have constn¡¿ted

*:;hsustive tabl-es of data on the varlables on ..rhich ihe fi¿nctions are

dependent, TLre rea3" paräaotøts f, and fr? are ciefJ"necl by:

ItPlT.^ (i) = Ãn FzTr¿f(f) f^* (r oa)

and ltPl 'ru-Øi= -'" i,ftnffi* (q 
^¿) t ! ,.t.u i

r e spe c ri v,ru "' n,, u f( P) n{^. (a) ; ! f ) nf. * (þ) 
""^,[( 

p 
) 

f, ^ 
(r x t)

are 'Lh.e spherd.cal harmonLc counter¡:arts cf the ¡."'u-i:-.¡-'ix ele;:.ents;
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\-----"t o\_tr--*aot t 
r--..-*ro, "uun1*tíve1v(9).

Ït ís these re.al parameters that are nanipulated fn order to obtain

the best posdbl e fít betr+een the øçerlräe,ntal and theofetical liurÍe

pJ-ots for forbiclden transltions. The uzua1 procedme in testfng a r:ea=

sured spoctrun lL(t¡) ¡ as to ubether it is governed þ a g:iven shape fac-

ror s , ts to nrotþ*(u)/s* tlr)r"eï¡'1"n1{no *'d) (r.u)
that Ísr one trles to llnearize the spectrrrr vith an approprlate cholce

of a theoreiical- shape faetor.

(tv) nart-ilrer_

The total proba,bllft;r per unit ti-rner.À" t Èhat a beta*actjve

nucleus u{I-I decay is obtained by is$.qEs'-súf4e $-(W)¿t+n r+h-icir ís the

probabii-it.r, of r7eæ.-t ínto a $iven enerry lnterval- dllr over the entlre

beteFcpeetru:r. Tlr:is probabilft;,r also defines the half-iife , t n of the

beta-decay. He get:

A dI,¡Fo pu(!¡o * tr)2 sn(lti (r.rz)

This ÍntegraJ. rm¡st be er¡aluated nwder-1cally. To do this for the spectnr:n

of a general n-tfres forbj.d,den transj-tion reqr-rires that, the shape fac-

tor So(lf) be l-tror,rn explicitly. This requÍres a nunerlcal ern¡luation of

the nuel-enr ncnents ínvoh¡ed¡:ags l,¡e1l as'bhe scalar anrl tensor couplfng

coeffici-ents, if the shape factor is of the fonn given b¡' qãrâ,Èi.ôn 1.g. 
"

i

Since -U ttle ig trnorm about nuclear r¡ave fi.urctions the nuclear no¡rents

Galrnr,t at present be eualuated e;rpi-iciü-y, fhe abso]-ute nagnf.r,ucles of
the scalar and tensor couplirrg cceffi-clents are not hnnr.¡rr l¡ut ttreir
relative sirengths ean be detertrined fron analyeÈ'a of allor¡ed transitions
(U). The pr:esent nbest,l vatue ot cgz/ c& = o.tiZ..Z, (r.r3)

rn 2: t*lrfrl IMr1
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Hreston(42) s:ggests that fron certain s,'ømetry argurnents the beta-deea.¡¡

interaction 1s S-T / P. 'r.lhether thís frnplies a change ln the relatj.ve

st::engths of ühe scalaï ancl tensor sçr:pl-ing coeffi-cl.ents is not stated.

In rrj-el'r of these dfffieulties ln evaluating the integral of eqr:nt:ion (1,12)

ft 1s re-m'ítten r.rlth sn(l'f) = 1" feenberg and Trisg(l4) have given tables

and graohs of the integral for ühe allor'reè beta-s'reetn¡n ærd these are

usual-l¡r used to obtaiu a nu¡:eríeaL value of the lnbegral in the Sieneral

case.

lron the definltíon of the half-J-ife, t = ln z /^ n it ls clear

that t is not in itself cl:eraeteristl-c of an allor.¡ed. transåtion since

1t 1s strongl¡r depenclent on the end-point ener€;r' l,io¡ of tlie beta-speetnrn"

tr this aceount tlre half-l-ives of alloi¡ed. trans-j-tions wiIL shoi+ a wÍcle

vaniatlon the other hand. the matrix elemente assoclated r,rlth the

sÉl-ar and tensor coupllngs % and C1, shoulcl be of the sane orrler of

nagrritude for all, allot¡ed transitlons, ft fs for this reason that the

charaetcrístic quantlt", ft, eåtted the conparative half-tifer is cal_-

cu-i-atecl, The ten; f is the integr-aì. of equation 1,rz l.rith sn(!f) =l and

t is the half-ltfe fn seconcls, For atlor¡ed transiùlons the values of fb.-

cluster ::ou6hl;r into a sin¿fl-e &oup, Fr:r forbiclden transítions ihe ft
'!'alues fal1 lnto distlrtet groups according to the rlrder of forbjddenness

of ihe transLtío¡* For the pr:rposes of cûnpaü'j-Sonn it fs cìrstonsr.r¡ to

take,loetoft rather the ft, For tbe salie of completeness, a table

gfving the nr¡nerrisal values of loelgft for the different orders follows:
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1?a4sl.üJ.ons

Al1or.red

1 st. forbtdde¡r
g ud. forbfd.clen
3 rd, forbldclen

togfoft

l+.5 to 6"0 for odd A
4-0 to 5.7 îor evea A
6.tn to 7.3
12.t, þo 13,5
L7"5, lg

Ãlthough the ft val"ue alone ls not an infalli re crtterlon on

srhich a forbidd€nness elasslfieatfon can be "base.drft pl_ue a ho'ùedge

of the parlt-v change 1s decislve sinee 1f the parf-ty change ls tînoh thr.e

ætbigulty e:Csts betçeen only troo orders of forbidd.ennesse r"¡hich dlffer
þ two units, the cilfference Ln lhe fl qeJ_ueç for the two forbidden

transftlons is so large that no aonfusion as to the ldentity of the fi
value ean arise.
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. snBqIUu q?

(i) Revier.¡ of the l,iterature:

That the isotope of rubidirm r,ritb nass nutber 8? is radf.oactlve,

has been lcrorm for half a century, havlng first been diseovereC by J,J.

flro¡nson(l5) fn 1905. It has also been sepsaated from the other ísotopes

of nrbldiun þf nass spoctrosco¡ry(1.6)" ,tshe best ¡ralue of 23,85íl îor ¡ts
percentage abundance has been dete:mined by 4.0. iVier(l?)"

Slnoe the tinie of discovery that Rbffi l¡as nat¡:r'Jly radioactÍr¡e

nurlrerous deterrninations of íts half-iife have been nade,, ra L9/06 g, Eklund(tg)

measr:red the half-iife with a counter callbrated þ' laixed a3-pha and beta

particles fron a uranium deposit. He found the half-i-ife, t, to be

5.8 x1010 yuars. The thfnaest 1a'¡er he,:sed vas 0"1 mg. RMI/era.2. No

coincidence betveen the partÍcles e¡nitted forr¡ard and those ernitted bac-k-

ward tras discovered, and thus lt r'øe concluded ähat the 8b& deøry lnyglvêd.

the emissicn of a sl-ngIe partie'le,

Tn I9l+8 }laxeL et al-(19) measured very thln layers of BbCl produced

þ evaporatÍon on sitrver coated zapon foils of about o,! m{æ3, suspended

freely betr,¡een a counter arrangeÌnent which allorued the measure of particles

f?on both sides of the fo1l sirrultaneously as ',re11 as the'n¡:lbor of eoin-

ei.denees betueen counts on both sÍdeg, they for"ind that r,rith decreaslng

thlekness of the RLtl la;-sr from 2.o to a,05 rngRbcl/øn2¡ trr" ,.r-u"t or

electrons per rlg. RbCl per ninute increased regularly for the baek sírl.e

of the foilo r,¡h1le the front' side shor¡ed a conside::abty higher inerease.

Thls lndieates a high percentage of very soft erectrons from Rb, r,¡hlch

coufd be stopped by the zupporting ãapon fo1l, Coineidence qe&surments

-J.2-
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lndlcated that, r:p to }Of" of the fbont side nrmber for zero tf ickness

soincLded wlth counts on the back side. Tbos€ results r'rere e>qplafned by

nalring the assumptÍon that for:l'ÊvelT d.aeay of gbffi one,sófÈ eleef'ron óf

qnergy up to 10 kev is e¡nitted as wel-1 as one faster electron r+tth the

know'r energt¡ ltmit'

To eheck on the eomparatively large error in measurlng ihe e:<act

anount of Rb depositedn Haxel et a1(t9) ran another series of experfunents

in whícÌ: RbCl ças e:raporated on Al folls and placed on the lnsicle uaIL of

a G"¡t counter of lq1o6lß efficiency. The uelght of RMl was accurately de-

tennined (3S) for a layer thickness of O.O25 otg grt? RbCl, Correetions

for backscattering urere maden As a r,reighted average of both series of

ex-pertments tbe¡r obiaånad (6'OtO'6) x 1O1O years for the half-life.

Curran et a1(ã) (fgif)¡ using a proportional counter, obtained an

energy spectn:m of the beta-disintegration f?om r¿hj-ch they concluded

that the process is slnple beta-decay. The energ:y spectrr.urr thøy obtalned

increases rapldly l.rlth decreasing entrglr d^own to at least 10 kevr dråeh

was the 1owest point to l¡hich they pr:rsued their observatfons' Tg verifþ

that the decay process r^ras sfunple fn natnre a search for K or L x-rafs

,;as eari.ied out r¡tth the eme equipment,'Âs a further check a seintillation

åpectrometer $es used. to deterrnine the nunber of events due to ganrra em4s1

:

¡ion. rlor an upper lit¡rit they obtalned one ganqna-quantrrn per 5 x itO3 beta-

ra's, .t'þq¡ coneluded tberrefore that ¡he proeess Rbfl -'-+ Srffi+/:'1, u

grorind to ground-state transitjon and attribn:ted frhe p - e- eoincidenceo

repor*ued þ llaxel¡ as being due to reflection, For the half*)-ife they

obtained. a value of (6.15!0'Ð x Lo10 years.

To re-enaluate the half-life and to provide further infonnation

about the decay sehqre¡ l'facGregor and. l,lfedenlió,@(2!.) used a ceLl counter



. .,".;, .,- --.r,:. r,,t, aJ).:;

-L/+-

described ty Sau)'er and ldiedenbeek(ee). i^ilth the arrange.ment usod the

results $ere essentially Índ.ependent of the deday scheme. For the half-
life they'obtalnedrrra value of (6. nlf,¡3)_x 1010 years. In'adrtition they

carried out a serLes of erçer1¡nents to art**1ne ld"rether or not there

are eoineLdenees betr¡een beüa-particles and conversion eLectrons, The

results obtalned for Rbfl ï¡ere tompared, wlth the results obtained for
single beta-ernitters havl.ng different uoper energies such as ¡Ti63 (50 kev)

s35þ,ag kev), ,"451260 kev), sno p32(l .7 thv). They found that the coin-

cidence eurves for these ele¡r,ents varied. sllghtly i,ritb the êrreîg.r of the

g¡rttte.l radÍatj-on, The surves taken for the Rbff sources of varyi¡g thlck-
:less vere found Èo resenrb.Le ¡uost c'!-osel¡r the cur,¡es for S35 and Çah5, Oa,

the basfs of these resuLts they conèlu,åed,''thaÈ theidleåntegråtfon of äbff
consists of a sinple beüs-dêcay.

¡1 ¡rore recent experiment nakfng use of the latest advances ån scLn-

tillatÍon spectrometry, r,ras carried out þ Leuis(Z3), By uslng a crystal

of rubidiun iod.lde, activated uith thalllårry¡ :Froblems':efåslng fycnn sel.f-

absorption and baeli-scattering uere avoided, ilor,¡ever, nev¡ prob-lens arÍsing
from poor resolutlon¡ J-or,r pulse heÍght el'ficiency and long-r-ivecl pnospho-

rescenee inherènt fn the RbI(Îl) crystaln r¡ere lntroducÊd. The enerry

response of the crVstal r,¡as found to be linear over tbe entire energ*r

rangê fbonr 17 kev on up. The beta-spec r,¡as then obtainecj þ neans of

a single channel pulse hefght ånalyzer, t'he Ferni plot gave a forbidden

shapeo for the nost part close to that glven by Cr:rrants(æ) proportional

eounter i,rork usÍn g 2TI geornetryn but hav:ing sIÍghtly nore eounts at the

high energr end and, feær at the lou enerry end."The {ncrease,ín the

high energ¡ counts r,¡as attrLbuted. to the faot that"theee p.ertÍcles are

absorbed. falrly,cornpl-etely fn the crÌrst.al and nct so uelr fn the gas,.
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e,jr;nter. The fewer counts in the low enerry end. r,¡as attributed to the

aþsenee of baelt-seattering, as we1J. as to the lower resolution of the

crystal ¡rethod at thesa energÍes. Upon errtrapola¡ing the allor^red !'errli

plot to zero energ¡ and cal-culattng the total counting rate, Lewis ob-

tained al¡alue oî (j,vo!o,jj x lo10 years for the harf-Life" Lewis

atte¡rpted a theoretical,analysis of the data and concluded that pure

scalar interaction does not explaÍn the H,bry plot.
Perhaps the inost thorough theoretleel anaì-ysis of the Rb8? beta-

spectrr¡r. has been ca:=ied. ouÈ þ Ì,foríta, r\¡j:.ta, and yamada{H), Thg,y

have analyøed the experlrnental daùa of Ler,¡ls on the basis of the single
partfcl-e ehell rnodelo in drich case the beta-deea¡ takes p&,-ace r^ríth the

transftion of a nzutron tn a gt/z state into a proton tn apll/zstate.
&r thls basis the transltlon is thlrd forbídclen, In thelr analysis fn
te:rns of seal-ar and tensor interactÍons, there are four rnatrix eÌs:rents

to be considered. Ûne of these, being a tensor of one rank hígher than

the others, ls neglected beeause fts effect, Ís snarl, The tr,ro ratÍos
forrred b;¡ the other tirree a. pear as paraneters; one ratio can be <åleu-

lated on the síngle partíc.le shel1 noclel o" orr'"rou speelal j-j coupring

shell nodel; f,he other ís treeted. ae à varíabJ-e parairneter r¿hereb;,, the

ï¡¡rie plot 1s straightened ou.t over the largest portion of its cnergy

rauge" &r the basís of their analysis they coneluCe that the sign cf the

ratio of the sealar e::d. tensor tnterections is probably ninus; and its
magni-turie fs so¡:er.¡hqt sn4ller than unft1,.

The most recent r¡ork ¿lone on the beta-spectrua of Rb87 is that of
charl.es Ð. Goodnan(zil. He used a high pressure proportional eounter

vlth an iniernal,',9ötrce on a thin fiat baeking, No r¡alue of the haLf-llfe
for the deca;r is g:íven, In d.etern{:rdng the beta-cìecay interactÍon Goodman
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finds that the shape of the speetrrm can be fltted appro:iårnately by

sevoral ecr"nblnatlons of ecalar and tensor j¡rter*etions. fior,rever, J-aek

of }mowldge of beta-deeay ma'trix elen¿ents prevents hira fron making a

unÍque fit, In agreement qrith Morita, F¡jif,a and ïae,.rad.ao Good¡ran finds

the rstio of CglÛ, to be negative for tkre values of the matrix el-enenüs

tried

$ev enrphasis on the importanee of lancl¡ing aceuratel-y the half-L1fe

of Rbffi has been brought about þ the recent develo¡rnent of the rubidir:¡n-

strontfun method, of geocirononetry(?6). Slnc" fou calculatÌon of a geo-

I,ogie age fs basecl on a col,parieon of the extent of a transfor¡ratlon lrith
the rste of the trarsforaatíon it follor+s that the age 1s då*.'eet),y,:prr-

portiona'3. to the assuaed value of the haLf*lffe of the transfornring nu-

cleus. Therefore, the half-li-fe nrust be aoeilretely lcaown,

thtil recently, all rellable mineral ages eeened to be less than

about 2.5 x 109 vears, Wlth the n¡bldLrnn-strontlurn nrethod of geoehronorcetry,

a nwnber of ages close -Lo thüs figrrer. and a few l+h:ich exceed it substqlr*

tiallyu have been obtaf.ned, Ahrens(46) r r,*ro dld not ffiplsy mass,sp€ctro-

graohic analysis¡'ÞÈrt who advanced goocì reasons for belfeving that lepi-
dol"ites are usuåly quite free of non-radfogÞnie strontfr-ui, obtainecl a

:
number of apparenü ages' over 2 x l-O9 yeers for lepfd.olltes, Sone valuesr

reported þ other uorkers(29) usfng the sane nethod. of geochrcrnonetry, run

as hlgh as 3.36 x Lo9 
'rears 

or higher. Sorne of the roelcs tested have been

anaÏ.yzed as Èo thelr age by meast.lreuents based on the productf on of .lead

and helltrn by elpha- rleéa;r. In vier+ of the fact that several ages derived.

fron the docay of Rbff are eonsiderably greg*er tha¡r the upper lf¡rit for
a'ges derived fro¡n alpha decaye and. 1n vier¡ of the faet that the ¡rrocess

of alpha dfÊlntegatlon ls r+el-l understoodr anc that good ¡uinerals yield

consf stent ages by nethocls baeed * uZfr, #35, ar,a lhÐL" the suggestlon
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has been nade that the firrrenilly aceented half-life of 6,2 x 1010 rreârs

for 1?bì'7 ís tcc large. 1,'lethgril--L et a1(42) Lr:vo b-v cieten:ining the
?.ry çnl"b"',¡.3r-" r:t,io in sanrfles af felclspar end.,'rlca bf tho m;.^ss si:eetroretri.c

isctcpe dil-ntion technic-nre, cRl c-r:lsted the helf-life of nbt]? to be

(5.nÏ"2) x lol.cyears on the basis of ihe ?b'fi{'/u2;8 on,l pb.TT/vz-a5 
"g"=

of urari.u:: rnincrais t.ri:en fron tlre sane roei: hodies.

Tt is ior the pr:rnose of lnvestigating this possiìril-1t','as r.¡el.l-

as secliing fiirthcr i,nfo:¡¡:ation concernÍng the beta-rìecay inieractiono

tliat the A¡8 i nro¡len vas at t e;,.:rted 
"

(ii) ,b.'fer:,tus¿

f , Iþe Seintil_'qtic

ihe electron;ie scintjllatlon counter generall¡¡ consists of a sol-ide

-liorricl, or qaseous flou:'esceni neiiiun r,¡ith a vol-une fron a fev cubie

r¡.illiletres to as la:'ge as ten cublc fee¿. rlne or nany photori:u-1.tin-l-ier"s

are cl:,:p)-ed to the phi,5nhor.,,o rrodl:ce eurre¡rt pi-Lses from i,he gniti,ed

light fllashes, The shal:e ::nd na¡,trilude or tne uut rut culrent pr.úse oi:ta-ined

f:'on'uhe scint,il'gtj,on eourliers has beer'. str:died encl found to be ue,,endenl

to sore e;rter:t on the following:Fi::st, the electrons an:ivíng at tne

¡nilon' {¡o q¡'n'l' of ihe rrhotori'.r1tip.lier tube do not, ¡¡rrive at rrecisel-.1tu(av9 uL,

ihe sane insiant buuaru spread out over a ti¡re -ini:erval- bee¡use the pathe

trar¡ersed 'hn' che inciivinr:al eleetrr:ns bet,r.¡ecn ¡':r:1iipl¡ri-ng sr,:rges are Èot

L,lenllcal and s,o dl.fieront el-ectrons have d-ifi'erent tra.nsit*ùi:¡es cettr'":en

qf.qt.oc ', i,iq cnnsåd in ihe tr:nsit-tiire Affects the resolutiOn of t,h.-

counüer. Seeond-11', the photora:rltlnlier outpu-,, eu:..r:ent uavefo,rn j.ñ 
'ie-e$.-

dent on t'hr; nhosphor tj-t,e-constant. lf the deca¡r ti:;ie of the phosphor 1s

very short, the output cr¡¡¡snt r,¡avefonr has both a sharp rise anC a zucl.de¡r

dron. If, hoi,revor, the phosphor exhihits a ì,ong cìeea;r-tine t,e rise
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ti¡ne of the current pulse ís slouer a¡rd the prrlse te¡då to ha¡re a long

duratlon, In the eese r¡trere the phosphor has both a phosphorescent and

flËorescent, component, the output current l¡aveforrn is ertrøreþ J-ong.

ïn tliis cese one may get both piling up of pu-lses, glrri,ag a higher nurber

of the I-arge anplitude pulses, ar¡d double pulsfng, thst lso wirerç the

decay-tirne. sf the fluorescent component 1s so HTrch shorter than the deery

tine of the phosphoreseent eonponent, that the outpr:t er:rrent ¡ranefora of

the photenn:Itlp1ler has aetually ttlo madfim arcplitudes. l{hen thís hoppens

a paralysis circuit must be lntroduced into the dÍfferentiating clrcuft
such that the elrcuít wil-l be paral¡raed for tl're duratfon of the phosphor-

escent conponent after it bas pssed the prrlse due to the fluoreseent

conponenf, Thiq w111 be dfscussed more ful1y in a subseguent paragraph,

2. T.he CatjrqsþIqlJpuer--an4-Dele-ç! c,r :-

I In a scinüilLatíou spectrometen the photornultiplier tube eets as a

constånt ourrent souÌ'ee of hÍgh laternal impedance. The curent fLovs lnto,

and i.s lnt'egrated byr the total stray capacitance of the tube output elec-

trode and of the output circuit. This capacitance Ís shurted by the gld
resistEase of the caùhode-follower tube (see fip¡:re Z"l) ancl s voJ-tage

r,mvefo:m ls obtalned at hlgh furpedance. rt ts used to ¿rirre a cathode-

foJ*lol¡e tuEêr so givlng a si¡rilar pr.rlse at 1or¡ fnpedance. îhe rise-tl-me

of the pr-rl.se ls deterarined by the conbfned effect of the translt-tine

spnead. fn the nrultiplier and tbe deiay time-aons.tgat of the phosphor.

I¡ the erperluent abóut to be described the rubidir¡m iodlcie thal-Iirm

aetivated. erystal used enitted. both a fluoreseent ærd phosphorescent eon-

ponent" It r,ms due to the presence of the latter corponent th.qt tbe out-

E:t ¡n:1se of the standard cathocLe-follor+er r+as ragged ,aud.poorly lntegreted"

The pulse observed flon the fnf$åal had a rLse-time fast'er than one
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rnleroseeond, r+l'rlch Ís considerably loriger than for ptroÈphors ¡nost eom-

. rnonly" &eed" Tc have a satisfactory lntegrating clreuit as far as the rnaln

cument p'r.r1se L'46 coneernd¡ the shuntlng resl-stance açross the stray

eapaeitance had to be insreased Ì,o .514 flom the uzual value of 220!1. To

snooth out the raggedness of the prrlse as mueh as possible a resistance

of /+,YK r,as placed in series wlth the col-lecting anode of the r,rultiplier"

larger resfstanee values attenuated the output p,u1se so ¡n¡ch that arryr

fi¡rthei fnproveroeut 1n moothfng out the pulsg r+as not r+arranted, The.

lntroduction.of an approprfate section of delay line 1n series u{th the

coi-leetlng anode of the multiplÍer had a similar effect. Å. diagraro of the

photornr1tlp1ferand.eat,hodefo1]TIr*givenfrrfigure2nI,.Ffgures.

2.?-(a) and 2"2{b) g1¡r* an fndfoation of the snootl"Jng out effeet realfzed

þ the lnsertion of the 4,?it series resistance into tho anode load of

ihe photonultipiJer.

The photomultfplÍer tube selected for the eryerfmental ç¡ork r,ras a

ù:nont (Tme }fl-190) wi.th a cathode díameter of æe íncb. Thls tuþe ças

found to have the hlghesÈ gafn and st the same tlme¡ the lowest noise

level of a dozen similar tubes t,ested, It' uaE the _same tube ae ttre one

used earller in a serles of radfocarbon d.atÍng experimen.*(n)" IerrÍsts(Ð)

pnrlse befght analysis extencled dor¿r to 1? kev belsur r¡hich the .therrnal

noise -l-evel frorn his photwultl¡rller nade.-fi:rtner counting inpractieable.

l,äth the ELLæ photornultfplier 1t ws expected that thls analysis could

be pursud belos 1? kev,

3. *le]@
' The detestor assernbly raas housed ln a nassÍve l.eåd and nercri¡y shleld

whieh tøs used to reduce the backg:'ounfl counting rate to as 1ol¡ a vaLue

as possible r.rlthout the use of antlcoíncidence shfeldíng. A diagra4 of
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the arrangenent 1s give:r 1n flgure ir3;,4 f\rller cliser¡ssisn of the effeet
of the shielrling has âlread.y been given fn previous r*ork(zg),

4.. lectronies¡

fhe pulses obse:ssl r¡nder ganrna-bomUarAm¡¡t wøre I¡L2 th th* height
of those fron thallfrm activated sodlum toAirle] Due to thls lor¡ pulse

hefght efflclency the dmands placed on the ampllfier uere sevæe. The

anpilfier used læs one that had been enrpl-b;rred in past low.-ieve]- eormtf-ng

apparatus. It' is one of the Chase-fllggC.nbotham 102 d.esígn and manufactured

by the Radiatíon rnstn,¡nent cornpany of silver sprfng, l,faryland. rt employs

four long-talled palr mcpllfl.ers plus a phase fnverter and aa ouùplt stage,
The overall gafn ruas detennl.ned Èo be abcn:t L,nuæO or rnors, Considerable

effort had to be nade ¿e sllmlnate to a large degree the ríppt-e on the

ts-plus supplf 1fne, The nolse 1evel at full gain was rscluced to an am*

plitude of three volts or less,

The pulse helght analysis $r¿s cfi:rled. out r"rlth a five-ciratrnel pulse

helght anplftud.e analyzern manufsetured þ lårph;z Radlo timited of Englarid,

Tbet¡¡pe1074hasfourcont1guousdiffererrt1a1getesandasurp1useount

channel whose diçcrlminatíon leveJ. is eontiguous r,¡ith the top of the

fourth channel, I'l:e chqnnel width is adjustable nlon a^zj to 5 volts, anci

the gates cssl scån a s$ectmm fron 3 to jZ"5 volts at the lov¡est leyei,
L'¡ the analysís of the n¡bidj-un spectnï the gete lridth was varied ln
aceord.ance r,¡itb the overal.l galn roqui-red. so that Èhe energ¡¡ intenral
over uhich a eo,'¡nt r.ras tirk€üt was kept eonstant. .A detafled diagreun of the

unit is gíven in figure 2,J.

llevrls(Z3i reported that the rubÍdfr¡n iodi,le thallitnn aetivatecl

wystal mùfbitd a phosphorescènee deeay lasting the order of a mllli*
second. As staùed oarller, the way to avoÍd. counting thås rad.iatLon is
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to use a parslygLs eircuit whleh rrtll paral''¡ze the dfsc'rÍmÍnatlon clr-
crrit for the dr:ration of the phosphoryescence decay. A diagrern of the pâr-a*

lysis circuit ls givan in flgure 2./r. A deseription of its operation Ls

barief?y a's folLor+s: The paralysis clrcr;it ,:onsists of a wri¡ribrator and

a phaee invert* operateé by a separata T,a¡rHatype (¡ø¿ef 28) 3ûO volt

stsbfltzed pþl{er Buiælr, The univlbnator 1s triggerd by the positive

going pulse flom the o¡iput of the pre-amplffier of the pne-treat¡.rent

unit of the five-cbannel ¡ru].se height analyzer(point B)¡ The posltive

p:Lse obtalned from one of the plates of the unlvlbrator 1s then lnverted

þ the sbarprautoff 6A116 perrtodes¡ tç¡o of which are required ln parallel

1n order that the outplt pulse be of sufficlently iarge ørplitude. The

anplltuèe of the neþat5"ve pulse rr¿s gre¿terthan 100 vol-ts. Thls large

arnplltude pulse, l,¡hose length is varfabLe þ var¡'J.ng the valiro of the

eoudenser C of the unLvfbvator¡ ls then applled through e hlgh back*Ì-ur-

pedance crystaJ. dlode to the plaåe of the output tube of the long-'halLed

padr anrpLifieripolnt' D). Upon teeting the operatlon of the paralys1s cir-
cuft r¡ith a pulse generator vhose pulse eould be varÍed both in, repetiüioa

frequene,xr anct aniplltude¡ 1t wasi found that the gqralyzfng circuit .r*as

fi:11]' effeetfve, õqretr i-n blocklng out the large puJ-ses when Èhe sna'lLer

or¡êã ïÍex'g being aaa1Í,záa" I\rrthe¡aore, the Ð"C" 1-eve] of the díscrimi.r¡atsr

tfiÉ not affected.

fi $ource and Èâelgfound I'hter;L$-st

*por the source, a rubfdiun íodide thalllum-activated c*Tsta1 r¡as

obtaLned. from G,l"í. tewis¡ Ðepartment of Nqtwal- Phtlosophl The Unlversityo

Gla,sgov, Ðue to the lrregularity of the crystal it lraE dffÍlcult to pack

the }lg0 refllector aroi:nri all free $¡rfaoes. .&ttæpts r¿ere therefore made

at fllatte.nlng íts' sides by flJ-lng. Ilorueverr drie To its origlnal snall
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size of about 4 ¡u. to the sid.e, lt r,ns inposslble to carry this p:rocess

thror-rgh to sai:isfactlon, The upper siri.e had to be left irreguJ-ar. The

cr;rstal, as mounted, r+as epproximately ftrmr x fun x fu in clfuteneion:And

ræighed 0.0938É'ooOO5 grans. Fo:.the container of the cq,rstal a lucite
ring¡ 3/to l.ncnes outer r1íametern 1/4 inctr Lnner diaraetrr, and lrl/+ lneh

Ín helght ¡res made" Ovcr one end a thin frat transparent glass wag celented.

Using a little sÍlieon grease for a bond, tbe mal-l BbI crysÈal ç¡as morrnted

eentralLy in the rfng wlth the flattened sfde next to the gLass. I,fgO ræe

then paeked around the erystal frcen above, after whleh the top end ¡¡asr

covered þ a circular plate of plastíe cæentedl:toi.thø ffug. The crysj;al

assernbl'¡ thus formed could then be p,¡t on snd off the photomultÍp1ier with
eÃset ?his was advantageous ln rrÌei¡ of the f,requency r.rith r¿hlch the crye**L

had to ba re:oved in order to deter:nlne the background cor¡rting rate.
To dete:reÍne the background a llal(Tl) crystalo of size sÍrnrlar to

the RbI(Ti), ffis ¡to'¿nted 1n a contafner in a manner ldlentical to that

described in thæ p::ecedlng'Faragraph. Although the pulse lreight eff{cieney

of the SlaI cr¡¡stal was tr¡e1ve times greater than that of the ìtb1, the

bacirgrouud cor.rld1 návertheless, be obtalned in the sãle energ:.¡ interrrqls

bv s-lmply varying the overa]-l gain of the eleetronie circuitrir.
6, eelilrali.n g fuilqqe-q.i

the pulse height seqle at the hi.gh energy end r,øs calibrated fsr
energy in terrns of the ganna radiatåon fron CI#3? (6az yev) ena 1131
(364 and ?-grr kev), The Æt+ \<ev llne r¿as obss.¡red f,or the ¡rost part by

Èhe ì-arge Compton effset due to the 364kev 1ine, For a partial speetnn
ï?1oî T"* see figure 2"5n Tt is seen that the S€ kev lfne is l¡ell defTned

and that there 1s also good evådenee of the 1.63 kov line. lhese plus.the

L6"5 ]Kev llne flon RaD and the 31.5 ke'n Ba K x-ray'srÊre used to ealibrnte
the nj-rlcll-e p,arà of t'he energy'scåle, rigure 2o6 shous the resi)lution;irb-
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talnerl f crr the tv6.5 kev iìaD line anri the 31"5 lceç Ba K x-ray. Tbe rese:

lut,1on ¡¡as caleulated as the ratío of ùhe fìr.ll çlCth of a peak et half

maxfmu-rn t'o the lrean amplitude of the peak" For the forrner it ',ras lOß ah

19.5 volts and fo¡ the latter :\fiß a\ 13,25 volts, lrith the snall gaf(n-)

eqystal the resolutlon of the tr,ru l-lnes aü conparable pulse heights was

caleulated to be æ.toß anci 35É, respecti.vely.

Ler¡ls found that t'he tnüge heíght, vg. enêrgy gurve was linear over

the range fboa 1? kev to 662 ke.¡. To effect the eallbration at f/ kev

Ler.ris userl the K x-rays of molybdemûa, In thls æçeriment, hoi+ever, lt

was anticipatecl that a closer ap¡rroach to zero of the energy axis could

be nade and a ealibraùlon point in the enerry reglon 0 - 1? lçev uas there-

fore requlred, The I{ x-rây of Cu (?"8 kev;e r.rhich follov¡s orbital e,l-ectron
¿F

caoturefnZno)c,¡r].dnotbereso1ved'f}ontheConptobccnnrronentlofthe
AE

high energ'¡ part of the Zn*' spectr'u*" ?hçrefore a gerrnanlum ssur{3e r,ns ob*

tained from the .å.tømic Energy Conmission of Canad.a. Ge71 deea¡rs r,rholly

by eleetron capture to Ga?l and ís follor¿ed by the proctuct,ion of Ga K

)n-rgfs. The 9 ltev K x-raÍs uere used for eallhrati"on. Figure 2,7 shows

the reeolution obtained at a pu-Lse hefght of L1.i voltso For full r,ridth

at balf-height it anounts to 8?.4.,

ilrring the puJ-se heíght analysis of the rubrtdirn þete-spectrr:m tbe

enerqy scale las callbrated, before and af'ber eaeh runn i'lÍth all the garm::as

or x-reys belng reasonably Lntense this calibrati.on toolr at tire rnost

a quarter of an hour,

7. Beí\'lgsrqLipgå

ïn atteripting to count in the enerry region below 10 kev lt r+as

soon founcl necessaÐ,"' to reduee the photorultiplier tube noise by coollng.

This uas achieved þ buålding a cyllndrlcal jaci:et around the phote-
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¡'n:ltiplier and f1lJ-fng it ürJth d.ry ice. Þtrrofcanr cut of rdrich the

jaciret was naden is a good lnsulator and eesy to r,¡ork !¡ith,'þiith the r,¡all

greater than an lneh tÌriek lt 'o¡as fo',rnd that ù-7 ice inslde the ohar¡lber

kept a large flraetion of its initial vo}¡ne for six hours or aore. Ê.

d.fagram of the jacket about the photonmltiplfer appears Í.n flgu.:re Z.B.

1i'he ptrr-pose of the blotting paper is to absnrb any moisture that nay

collect at the base due to the rneltíng dry Íce and so prevent it flom

eondensfng on tho cÍrcmÍtry of the çathode-follor¿er.

(iii ¡ il:c'reåinental Èesultsj

The nain pulse has been shown to naq¡ linearJ-y rrlth energl,¡ over

å range 9 kev t'o 662 kev using varíous x and garrea rays" r'igure 2.9 shovs

the llnear variation from 9 kev to %/,,1cen.

The pulse helght distribution f'or abffi was obbafnec.i using rhe mall
itb(fl) cr,'stal as solÍ'ce, rhe spectnrn rras analyaed. b-r¡ r.?sans of the fíve
channel pulse ænpJ-itude analyzer r.¡hose fÍrst four contiguous channels

ve::e varled 1n '.'¡idth fYom 0o5 volts to 2 voLts to:naintain.-sn eners¡

gate' of 2'5 kev" Good gtatlsties l,¡ere obtatned by accr¡nulatlng rnore than

500 counts at each polnt. the tÍ¡re required varied flnom a few rn.inutes to

twenù¡'-f1ve hou:'s depending on the enersr at çtrlch t,he count des made.

The spectn.m fïon 25 kev on was first obtaíned uslng no paralygls

1n the <ïifferentiatÍng eircuLt. rhen wlth a paralysis of p,2 nsecs. and

start'.ng frore 1l-.i kev the pr¡lse helght distnibr:tj.on l¡as deterrnined io
the. ener¡ry r'¡here paralvsis beca¡ne lneffectÍve" Figure 2*1O shor,¡s ilre

pulse height distrib:tionn corrected for baelrground and paralys1s, 'I'he

clrrve i.s oomposed-.,of three sets of poÍnts: a set of polnts detenmineC

r,rith the ampllfier at tow 6¡ain, another Ìrith the anplifler at meclÍum

galno and a thlrd set i:sing the ¡oax{m:n gaín posslhle, The tbree sets of
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, points oYerl-ap one auother, The deviation of the polnis fbom the best

line through thern 1s within statistieal accuracry, Not al1 the points

obtained are sholm in the figure but anough are f.ncluded to nake the

drar'ring of the curve essy, One point belo¡¡ 11.5 kev has been ineluded,

naael,f rtt'9"25 kev. Thls r,es obtaíned þ coollng the phoùomultiplier tçbe

and. æ¡rstaL to dry lce tenrperahrre(-?8. 5 Cj . Assu¡ning lineari!¡ of pulse

heiqht' response:r.of the eq'rstal lbelo'¡ Ç lr.ev a series of cou.nts in the

enerßT interçal between J"i and 9"25 lr,'ev r¡ere nade, lls',.rever, due to the

large varfatlon fn the r¡a1ues obtained, these have not been lncluded in
tÌ:e plot. F\:rther refLnenent in technique r,ns teïTlinated uhen, after

the cqystal hact been cooled gnd thswed Beveral times, Lt i¡as diseovered.

to be badly fractured..

To'obtain the total counting rete above 11"5 kev, a planimeter uas

used to find the t,otal æea und.er tho surve of the pulse height d.istrf-
b¿tlon spectnm g:ven þ Í1gr:re 2.1O. The nean of ffve trials fava

uL6L53 eounts pen ninute. Exbrspolatíon to ze:ro ener*r is rqrrired

before t,he. total- eor:ntlng rate fro¡r the Rb souree can be deterr¡inerJ."

(iv) Dgtenrinat:!-qn ql_Iia1f-]ifqi

Due to the rapld. rÍse ln the plrlse heÍgh.b distrÍbufi.on 1n the 1ow

ene:r'g:,¡ region, cllrect øfrapolatlon of the reu speci;rum -¿o zero energy

j s not roasibLe. Insteaci the *Ebrapolations r..rere carríed out on the

allor'¡eci Fe¡æi plot of the Rb& beia-spectnrrir, For rhe purpose of conpu4.,,, '

tation equâtion L-IL r+as rerç.rÍtten as:

1/'
{ (løo - ç¡) (2"1)
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'falues of -bhe nodifíed- Fe¡:ni function t -ss a funct-ï on of F, the ele etron

nr:nentuir,r çere trken fboin the t¡ìbrúation bv Rose(/u5), Tlic vaLues f cr Z=3g

and ii= 90 ',.rere chosen; anl v:l-ues of G at inten,'leclj-ate values cf p r-rere

obtainecl ìr,' interpolation. Fi.¡îrre 2.1-1 stror¡s the crrrve ror lll(l+) ¡¡2c11/2L '/ * -J
TSo en.i:{v:,r'. -tltiough the rav s¡eciru:: of Rbfl tnaj.cates an enil*pol-nt

€Þerg;r of 7/5 kev the al-Ì.or"'ed fer:r:i plot does nct. Linear e::tranr:lation

to zero counilng raie frçn the last seven polnts of the plot indicaies

an end*loint energr of ÐÌ+ jçev. Lan€Jer et al(/-g) have pointed out thet

the con-¡entÍona1 Fer:ni pl-ot nust be cor:'ected. for the finite resolution

of tire snectroretei, The effect of ihe resolution on the shape of the

s:'-ecLvD- ls rar"tlcr:larl¡¡ evi.rlent near the end-::oì-nt, Appl.vÍng the l:eso-

hrtion eo:'r'e*tions o-f Pal¡¡er an{ì lfisl'ett(49) ^b¡r the second forbÍdcìen cl36
haJ: r> - a'rrr nf r r,'¡rçrri¡*.br^;urrJU-r;r1 Langer et al- foi.lnd the cor:-ections to be ?ß er less eÈ

each poini oxeelt, for the five nojnts nearest the end point, Applyln¡,1

a resolr..rtion co:'r"eetLon to the points near the anc-roint, enn:,rí.:"¡ causes

thene nrii¡lts'ir ïenve a l-o',¡er o:'d5-nate va1ue,In'r¡ier,r of t,hese fqcts it is
sufgested l,lint the ailoveC FerEf plot cf the exoerj:ientsillv otrtained

a17

eb"' br:t¡:-sneetnan hes an end-polnt ener¡ry sor*r¡hat less than Zg/+ ke,¡.

Atl end-iroi-ni; ¡:'l1erÐf of ?71]iev is thereîore used fn sriirseoribnt celeu-

laì:lons, this beir:¡ tiLe ;.rean of several values T t* j.s also noter.rcr::th,,,

tbnt sl"nce thc effeet of nal':lng a resol::tion co::rect-i-on f¡rr the polnts

at the lou ener¡¡,- enrl is sraJ-ln the linear extrapc,laiion of the Fer,.i

nlirt Íron l0 l':ev to z()itr) Êfler¿l;Íe as ea:.ried or:t Ín iip;r.e z,Lf-r aÐpesrs

reesonabl-e, F\.on t,rls estraoo-.t-ation an arli]ltionar 383 cclunts ner :rinr:te

r+çre obtainedr yi*:j-d.ing a totsl courrting r::te of L929!65 counts irer. nin-
tJt'e, The esl;inqtr:ci crror af 65 cr-rrrnts per llinute is the eÌ'iror clue to the

stand¿lrd ilcvl-ation 1n the :Lntc,"ral count abovo ll,5 kerr,

)(
The nean end-polnt enerry oî fl5 kev ¡¡as o-otalned þ averqging tbe valueE
glven ¡V'teiris(21), l4qcGrego3 and Wiedenbeck(zf), and Curren et a1(20)
with the one obtained, Ln thls e:çperfment,
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i'í1th a P"bf(TI) soLìrce of 0"09383,00005 Fr;s, and a n.85fl abunCance of
the i.sotoÞe IibBTn the specific activit:,, of the be'ba-r1eca;,'Ðrocess lrorks

out to 555"5 dLsinte¡gations per seeond per ¡pan of n.rbfdfun, cor:respon-

ding to a half-life of (5"Otu1,l) x 1010;.,ears, -r,rlij.eh agrees with tha

calc,¡l-ate<i value of the half-lÍfe of tb'1? as given b;,, lJitherill et ,\I(ü,).

rt is not ån n¡geenent ."¡: th the cur::ently accerted bal-f-l-ífe of 6.2 x 1010

r¡earsr and in ra:r:tieul-ar., 1s not j-n agreencnt with Lel"rÍsr value of

ts,gt,l) x j-010 r¡earso co''prriscn of the tot.,-r. counts abo.¡e r?.5 rccv

ínclicetes a."rcenent r,¡el"-l- l'rithin staùisticel- aeeurley. It, fs therefcre,

su¿1;:esied th:iN N¡e ¿clcij.tionaL counts obtalned-þ Ler,ris ln extrapolatÍng

tO zefo eneTg¿ afe too e,:nsc:.v'at'! ve.

(v) ï4esæ@
l'lith 1og101(zrilo) eoual- t,,: -0,68 for' ¡rn end.-roÍnt energ, af r/5 kev

{f¿.) a value of L7,52 ls obtaine,l for t,he co..nparati-ve hr.li-}iÍe,
tog-nf(Zrïlo) t ,and the Èr'ans:iÈj.on Bb87-Srfr is tir.irii, for?ri<ir].en, ibe

nuciear snin ehange of :(ves) betr+een the grounrl sùates PEIZ-gqhaecords
with thj-s, Â theoretical cor'::ecTion facto:. to the lcn_i plc'L sì:ane has

been fonciil-:tecì þ,, -i, liono-:in,sjçi(g), and has ilcen irr.:n in eouation I,g .

iror a tìilrd forbirlcìen si:eetn-r.rn thi-s lna',r l:e;.e-',,ryi.bten after clj.vidine

b-r 2llBa / \¿/(!
'J' l'nn1.([x') l/'f

,rs: s 3 M),q,.[p, (u 
^n)- Ê(<2,/zy), pu ß) + ( Í')* pu {2¡ *

trþz/p)rr(rxþ,4) + aU')lr(rxu. *)*
À (42/Ð (.1,,t I, (t , *)] -_ z.z

",rìipr:e i=îç 3 and (*) = L7,i r:-e2" ). and $'*r* vEr¡'íai:re Ðai:à-

;:çt,e::s r.ri¡h l+hich the allcried ferr¿i i:Iot J_s tc be line;ii'ìzc;cl, / ana f
l+r::e r'ìefit:cC b.¡ eçuat:'.ons L"10 , f fs ren.ril¡r eajr:_l_¡lied e-iiher hy r:sinr

the sin¡,.le nariiíele sheLl r-n,ldel or ilre sleciil- j-j cLì))pfin¿. shefl model

in rl.rich outer nei:trons and -nrotons enter int,o the sane she-llso
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respeetive];"QJ*tr, In tlre latter case only t'!re an5:lar parl of Lhe '.'¡ave

funetion is requíi'ed since the rarlial- rart cLrops out 3s a co:l:ton fåctol:"

'Ia,-nada ct ¿(2J-) fprr* f = -1 for,ibf?and stsic il:at ilc siSn cÍ CSiCf

1s probabl;,, :,:Ínusnft fs i,herefore erqcecùed. lhat !'sìroul-d be nositive.

The ratio, [ , on j:he othr:r irand, can¡iot be ealculated ae reliahl-:.

ïa::racia (sa) " de.iir,in6 i[ b''' ] (#) -- * 
,r,Uffi*,

t l{z\
obtains r* ]r(#)a value ot 7 '!2' for nb'8?" l;ith

the dauehter nucle'vs (<21fi=i,7.3 *c2, À becolres

Tn deterrnlnlng r,¡hal, va-l-ues to use for tire

e:rño::i",.en',:al- shape f''ctor is ohf,ainecl es

s, ( exn) = N(ïI) IGU?{v o-\4 
2

i¡'r rnr,..tl nø the e.nl-rincni',â'l vnl tes of lj(1";) íi:to eql.lq+,ion 1,7 , Piil-rrr:e 2.12u ¡ tttr us4¡¡ÊJ urlv v¡-.1

ehor¡s the ilbû7 eiÐcrti;:enta1 sirapa factor for tr.¡o enrl-point Ê!leï;,'ii:;s¡

275.;ev(!.538 lglez) and 29l+ kev(l "575 r,.e?)" 0l-e'rr',¡, Sr(exi:) beeo:res

Teïl/ sensitive to the velue adopted for the onci-pr:ini. elìerg(¡, 1I"r'fo;'

the r:nergiss negr rr¡..,. SrJbsequent ealeula'r,ions r.Iere nacle on the besls of
à-

an end-point enerry o¡ 275 k-ev.

In fiti:ing the ltexectrr shape fector S"(fi), eourtion 2,2, to the

o.*o:.i¡rayrLnl rìn*. 
' I

ç^!!.rr,¡ç:¡uL{! ,^.--4, S3(ern)r r,/,rlues of f'fron -? to *31 r¡ere tried"
.t

For eaeh trial of l rf,r,ras deter:'rined þ soì-'ring equ,,ttion 2.2 lrith the

quenti-f,r on the left set to S'(etr) for ?fr kev. Soth roots lf the

quarlmtic equâtion ín ) r'rere tried in Sr('-f) for otl¡er energícs' Ti're

results of sol':e of ihe calfiìlations are sirol'¡B graphi-c:1J,;' i.n fj rrres

2.L? anð.2.L3 " The best agreenont betueen S"(exl;) and the theoretJcal

shape fnctor r¿as fo'-rntl for !'=3. 5t)Ë=.68 and lt=25, ì=tr.59 , l'r¡e all-oi+ed

.Ì'e::ri ptots of lbærtine'rized b.; Lhe r"csr,rlting trro shape faci;ors, are

shor¡n in Ii,îrïes 2.11 and 2.I:,, r'esrr'eiivel.-.r, Tlre ler:rl p-Lot J.s -l-ine,rrj.zed

exeen'b at the 1o',1 energ,' encl, ThiS non-llne:r'it".' at the lor,¡ energr end

*
'' S"u footnote on Page 35.

tLe Cnr.,l-oinb cncrgu of

ñ"?

t1^ro Ðarene Lers an

/a ¡\
\+o 

" 
!
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ls in part r-lr-le üo uhrt r;light be te::riecl, the eclr::e effectr uliicb ie

siraplv that an undeter::Lned nr::rber of beta-¡ariicles enitted. fron the
O¡r

Ì.b'" n:-releus near the sr"irface of the ¡:bI(Tl) crl,rstal esesr)o fro:n 'i,he

crj¡sta1 r,¡il,hout expending an¡i eonsid¡rrable portion of titeir ltÍnei;le

ençrÊlr, tibb.¡(fl) øiveso for the ir,âdïqfir TãnFie of Lhe bcta-partj-cle
d'l

frorn Rb"j a ïBlue ôf 20 ng/ffiz, For normal incid.ence eleetrons r"¡j.li

then ese¡¡e l¡itìtolr.t lcsing enl¡r or o::1¡r sone, of thcir irinetíc enelîgl¡

Ír'o¡i a sur.flaee 'l ß',,,3f. LhlcJcness ¡tt 5,1:/t. x l0-3snsn ft:e to the very

s:,nal-I erî,rstal used the vol-r¡äe of bl:is surflce J-a;¡'er-, assunfng a

c'.rl:ric crr¡stål r :.e't.escnt= t,J(>fi of the tota-l voJ-r.r'ie of the cqistal ,

i-lor..¡er¡err it is erÐeeieC{'bh:;b at least half of the ì:eta-¡rarticles

er,::Ítt,ed ',.¡ttldn t,Ìr{s critieal volune are enítted urith iniiial c-Lirections

lnto àhe cil-/stal and ìÌrat tlie;'efo::e, Ít is irerirr.Ðs::eesonable to essi*"Í*

that only a'bout 3-113" øt the i,otaL cr:rs'r,a.l volr¡ne is ineifectjva in

to'l,al-l-v abscrÌ:ing ihe beta-pnrtf-cïe* et;i.ited" îiie faet that nost oí

the counts oecur at, the lor.l energ¡ end of the rlistriÌ¡-:ti on spectnn

su,3gests 'Lhat ti:{s erige-effect nâ" be of s¡lal-ler nagni'r,ude th.r.n

g6&ætød, f;alcrllations sticr¡ that a eor:'eetion of thls nagtrJt';de dr:es

not Lfnearize the sii.ape correeted Fem'i ploi at tlie lat* Êrrêrgr e¡1¡i,

.t. Sfnee f 
- is :ructr greater than zero ii, i s l*nl.f ed that prrre tensov

fntersetion does not ocplain tlre ilbfl ;rlot, The nresent trlrestÛ v¡lue ¡rf
.ô

(Çg,"Gf.)Á hes been given in the faregof"ng* eeuatinÞ 1,13 " Þlrltter"' as

6n lnequr1lh' it isr

t"zg s (cs/c/Z = L,Çtu
tl 'The r',rtío F na¡r then be caLcnlated fron f =(Og/C*)

ratlos of ti:le three m.leleer ¡iatrix elenents ínvol-rcd

fnctor required to anel;røe the third forbiclc'len Rb8?

glven in the fol1owÍng tables

tF 1I... lnrrsr -f the)"
fn the cnr::ecticn

bet,a-g'rec
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T4FT,F ?.].

RÂTIOS 0F HflGÍdi.{i }.!rrÈTr ELËl'E¡ffS IÌWOL1TJÐ

T1í Rbw SFîCTF,1I'i trzuìfrCTI0i{ F1LçTúR

I let

J
Ín Í¡ \2
t tr^/ þqr /

ùi ç ='-[-(0]t-@Lr JØ%,*(rx4)

/. ca

Ã Éfl

?o -/ 2Ë

.e
"5) 7 (tg/C*):'I"n/,

.g t{cr/cr)-b.o+

3,+z,lf ls6.',

a,.S 
=lf l: *,.5

The vah.re of "{,* fcr l, fn the fj.rst fnstaneen coÌxp2res fsvorirablt¿ 'u¡J-th

Yamacia¡s'blrooretical- tr=,Lue of .823" The value of'-1 f¡r f o caleqlateci

lheoretisell,:¡ b:r' l{ar':;¡da et aL(ãlr} on the Trasis r:f tire singJ-e;rertÍsle

shel-l- rorle-l does not fal-] wtthin t"he ex;:erinental range as ;Ìi.ven bl,"

3,1'23llle(r.l . Iri the seconrì lnstanee the large val¡p= rs{ !*o5} anÒ,

25 far I ancl f/r resrrecti.rre]y, i"esr-r-I.t, in r-,aÌting the rani.,,ìouion terr¡

P3(øx g) in equaüÍon 2,ßnep',Ii;:ibÌe" lío theoretical jusi:ifjeatjon

for doÍng so erdsts. The renr-:itÍng shape factoi', ¡,oi¡srír:;r: åÐÐearË

ecuaj-l:.' effectfve ln linearirí-ng the il¡tj? beta-specLrlnr,



Chapter flf

ruJqg"lg
(i) lnlsedìrptio¡:

Leland(]2) has reported the natural occurrence of an isotope of

r¡anadiuu of mass l0 ancl an abunrlanee of O.Z3 t "ßLi, as neasured þ a mass

qneetromete:'. Johnson(4-lr) haE measured the ¡nass d.iff€rences betr+een VP,

rå50 and. cr50, I{e has founrl that y5o is nore rnassivc thrn 1i.50 an,¡ cr50

W 2.39tO"12 Mev and 1.18 J,L2 |åer¡ respect,lvely. lhnnle energy ls there-
fore al¡'aLIab1e for dee¿y at T5O to ft'50 or TiÐ to oceur, Fs.iir-ire to cleiect

thís aetivft.rr is attribr-ried to a long half-1ífe"

fhe nr-rclear spin of v50 has been neesurêd to be 6(/g). This agtrees

r¿ith the results of theoreticei- calculaÈlons based on the ehell mo^lef.

-{eeorcling to the nucrear shell ¡rocrei vfl(l¡ =n, z--23) has ? neutrons

ancl J proions ln f7¡2 orbj-tals and honce has even parity in the ¿pcuncl

stet'e, The nefghborÍng isobars rrÐ(u= ze, n=?z) and crF(N=26, z=zI+)

âro Çv€rt-even nuelei and are therefore ey;nected to have ground state

sPånB J=0 ancl even parlÈ¡r. The l.Found-grolurrl stcte transltions fro¡¡

v50 to Ti50 cr crff aro therefore a:q:eeted, to be qgi)rth forbid.den.n The

associated half-lives for these transitlons may therefore be expected to

be vc.:ry long,

The first excl-te<i level- of fi50 has been.ietcr¡ni.nerl to be 1.58 1,06

¡{ev(3?) anel aecording to tha qrsternatiss on evenÈeven nuclel(SÐ, it is
e -oected'to have a spin J=2 and even parity, I.fÍ_th àJ=/+ and. no parity

change, lhe K capture transitlon betræen the gro'.ind state of ¡/50 ând the

first excitertr level of TIS ean be classlfied as rrfourth forbidrl.er¡"u {
-/r3"
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rough esti-nate of the half=Life can be obtafned þ consirlering the com-

parative half-lives for beta trensitLons of this onler, rf log {r,, - zj is
takerr as being eharaeteristic of fourth forbiciden transitÍons and 1og f
for a K eapture transitÈ.rrn tn V50 for a decay enerÐr of O,g1 l4ev is tskecr

flon eurves given þ FeeÍaberg(l4) ancl 'friggo then a .cralue of g,6 * Z#5 years

iE obtalnecl for the half-Life.

The presence of a me&slrrsble negatron actlirÍty proceeding to an

exci.ted level of crF is unlikely. Goldhaberr sßÐ prot of the energi.es

of the first exeLted l-bve1s of even-even nuclei agalnst the ntn:rber of
neutrons showË that the energ'r of ths fírst excited le'¡el- of even-even

nuelel varles snoothl;r and decreasesg ín gener.al, ,r¡j.¿h increasíng u¿ìss

nurnber. It ís¡ therefe¡*e, expected that the fÍrst excj.ted -l eveL of Cr50

shoulcl be approrctriaately the sane as t.het for TlÐ" Gold.haber al-so points

out tlrat in a large nunber of exanples, the acidition of tr¡o protons to a

nucleus hardì.y affecÈs the energ¡,- of the first excåted le'rel, t5.Æ(tt =26s
7 =22) fs kno'',m to have a first exelted level at 1.15 iríev. It f s, ther.e-

fore, e>mected that the first excltsl level o.f c:"5o ie st -east of the

order of the v50 * Crff mus" dlfference, ft then follaws t,hat the ener.ry

avaflable for sueh a tr-aasitLon 1s so Jor'l a,s to mal<e the assoeiated half-
life too long to ne€¡surec

lfu¡;rerous attenpte{ jo c3ltnrn) to detect the long*lived radl.oseti_

vítv of the v50 isotope have been made fn ihe past" lhe lÍte::ature up to

the near present hes been fu1ly revier¡ed reeently(z7) and r,rJ.ll-, therefore,
not be atiernpted here. In tbis recent atter:rpt a search for the l"5B l.lev

garuÉ rsT'r Has rnade using a scintillstÍon spectrcaretcro r^'hLrüh ¡¡as housed

1n the nassive shleld. shor"rn diagrararnatically in ffg:re 2.3. using a
I t/1, x L I/2 fneh ì'laI(fl) crystal. riounted fn an almalnu¡a €an a co¡opâra*
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tively large 'oackground eounting rate of L.13 !A"QZ eou:rts ¡er ¡rlnrrte

uas obtained in the enez'g¡¡ lnterçal betr+ee¡n I^lr5-L"70 l.Íev, T¡or the source

Ð0 grans of vanacii'::m netal ùurnings {99.9f, I>rlre) r,¡ere used. À neån

sannLe ph:s hekgr"ound cou-ntJ.ng reLe cf 1 "L6 
+ .Oil eounts per mlnute '.¡as

obtelned. in the Êåne snorff¡ intervnJ.u la.eving a net activi*','of C.03J01

eounts per nim:te for the J-,58 l"íev g,araa radiatior,.,

t'lo attempt '..¡as nade to rletermine to r+hat extent the presence of

the source distorted the baeicgor-rnd counting rate, h¡ith the not activity

being.of srch dubious raagnitude this om.nission beccrnes important, f\:'ther'-

more, althor:¡rh, prelirnínary work revealed the presence of 1ou ener,g¡¡ ÊFnmã

radiationn ln,ìieatå-ag that the sarrsdluæ sarople tsc ecnta¡tÍnaÈed r¿ith s,rme

radioactlve Írnpurltfese no attempt io lCentif;¡r qualltativeJ-..," ol' quanti.-

tatÍvel;rr the irnpurity uas nade, The sr,rall net actis-it;¡ oì:served cannote

fn the líght of these or'missionsn be regarded as beíng r,rho1-15. due to the

L,58 lbrr gamna radiation.

In oonslderlng the possibllity of redueinr3 the overall baekgrounci

countÍng rate cognizance must be taken of the fact that the presenee of

radlcactÍve i¡purities in the rnaterial-s of the l{al(Tt) erSrstal-photonuiti-

p1íer conbl-natlon sets a ,r-or+er liinft on 'uhe bael.:{.trcimd. The presence of

traee arlounts of potassh¡n Ín irhe glass of the phtt. ,m1tipJ-Ìer cannot

easilt¡ be elfninated, Dul'font ís loolcing into the possÍbilit'¡ of oroduclng

redioactive free pl:otonr:ltlpliers and special 1or,; baclcground tubes shouLd

be ayailable in the near future(}/*)" Llhat is per.haps rlore easlï;r e.l-fmi-

nated are the impurities ln the cr;.rstal assembl;¡" .¡1"n anal''¡sis of the

sorrrces of baekgrounrl in Î{aI countin,i has been nade ìÐ¡ C.lì" iil}cr of

Ârgonire l.lat.lonal Laboratoryß5). He iras siror,¡r¡ that a i-arge f.r:¡action of

the residual background eot;ntÍng rate'ms clue tr: radj-ation fron the racìj.ur:
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in the aru'ninum ín whici: the ltraï cr-,/stals arc usr:âl}y moun.bø,1. ït s6s

fmrnd that samples of {1, regarrlless of alloy t,¡pe or suppl-ler, averaged

0"3 ut¡e of Ra per frân of al' Ilounting tho cr,"'rstal in a Ìlo. Jolr. stalnless
steel- ean r:erruced the background w 6a% in the 0"090 - z,L5 IIev region
of the specfnrm, irin beta ûr geÌma aetivíty r,¡as found to be aitributabLe
to the Ì'tgû reíLeetor or Èhe Tj- activat*r,

Ïn rrler'¡ of these recent ad.tmnces ln tec?rnical knor"ùedge it r,¡as felt
t'irat anothæ attaript at deteetfng the racioact.ivfty or V50 shoulrl be

undertaken" The fo1Jo,.+ing ts a brief secount of the.ùechniques er*ployecl

anci the rezults obbaÍner1"

(j.í) .¡tsÐa'aLus-¡

Three sheets of stainÌess steel {hro" 304) and one sheet of electro_
lyiic eoÌlpêr ruere tested, for radioactlve conta:r:inetfon by cørr:ting 1n

t,he 1 -.2 Hev Ínterval usfng samples of thr.:se sheets as source, anrl

srrbtract'Íng the backgroi:nd counti-ng rate j.n eaeh case.c of the t,hree sheets

of stair:-less steel only one r,ras found. to be ur¡crntauûiaated. þ usfng a

I t/t xI l-i? j-nch ,i'Ì eanred, ¡iaÏ(fl). cr,rstal, the sanple pl11s baeÌtgrour:..!

and baclrgrouncTrcounting. rates for this particle were. found tr¡ be t¡."g¿!0.I
and l-5.8Q!aJ eounbs perninut.rir respoctivelf,, The net activiþ of O.o2

count's Þer r'rinute 1s l¡ithln the stat-istical error, Sinilarì-;r, the sarn¡rie

plus baekgroundrand baeìrgrrun,ireount,lng rates for the rr)pper si:eet

detencned to be L5"l+5!'r2 and 16"L2 !-æ counts per ninute in the sane

ene-rr¡_l"¡ interval , The deflc{t.of 0,ó7 cor¡nts per nr.nute is ¿reater than

the standard cleviatÍon and it rnay therefore be prcsu¡,erl that tiris sanple

of electrolytíe côpper r¡as free frou radioaetive i.m¡*:rlties, rn vier,r of
the fnet that there *"âs no locar- spi*er abr-e to use the 2ó gauge r,)6: 3oL

sta-inless steel i.n spinnlng a pr:oFer container for an unmounted l- l/1, * J, f/z
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lnch ilar(Tl) cÐ'stalp the eopper sheet r.¡as used i.nst,ead., it being onL¡¡

five and orie-half thousandths of an inch thLck, The crTy-stal ums obtafned

frora the Harshaç Che¡rieal Co:pany and mounted. locally at i.luclear Enter-
prÍses Linited in a nannef, shor.¡n dlagramratÍoally ln figure 3,r an,-1

described bT P"R. Belt(36). Å th¡ee fnch lucite light píper r¡as used in
place of a gJ-ass wlnclor¡ for two rcasons, nmeIy, that Ít removes the crystal
fuom the conta¡rinated glass of ',,he photomulüiplier and eli¡n:inates tire use

of potass{u¡n-containfng glass for the rrinclou"

To aqcoinodate the use of a light piper a ten:neh extensÍon of the

l-eacl shÍeId shor,rn diagrarmaticall;y 1n flrn¡re Z-j hac\ to be made. ,,jlth

this 1n plaee several lengths of lueite l-ight pipe ,.re::e tried, sinpl-y

by arftiing for.ir incl:es at a:'tine to the three'inehes al-read*¡ fncoroorateri
.1,

Ínbo t'he ph'rsphof assem-br-y, i'he varfatl.on in the resolution an,i Þulse

he5-ght of the 662 kev garma .fron ilsll for the sane everall galn ls shom

in *"he foIlor¿1ng tabLe:

TABi,E 3"1

PUi^98 I{E]GHÎ ÆrO ,QüSOLI'T]Üi;

Tlnra',i yv of Phcto¡nultinller tençS'h"of Pi.pe Pr¡lse Helght Resolu'uion

K1190 ( I tuctr)

Kl1go

KIl90

352 { 2 ånehjKlrs6

? ln-ches

3 fnches

0 fnches

0 lnches

12,5 Volts

l-6 Voli;s

21 Volis

25 VoLts

&fi

lr7fr

J.ln,3þ

1téJ-t+Þ

An analysis of the baekgrornd counting rate using the various

leagths of llght pipe and the different photomultlpiiers Ls sho,*n *.eoi.ri-
ca1-Ly fn flp¡-rre 3"2. The differenee ln ihe baekground obtsÍned hr using
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FIGIÍRE a.I
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aÞ ålur'lnurn canned liiar cqTstal (rlar(Al)) and a copper canne,c i{ar crvstel
(Nai(cul) J's relat,ivery targe. The reductj.on in the bacìrgrounc counting
rate in the ./+5 - .67 ancl 1.55 - I,T7 .,{æv interrrals is 1?. 51, anrl Tll
rosÞectivelv, Compare ihe solid line'¿ith the dash*rJot llne of fig_*-,.e 1.2.
Both of these, as ¡¡ell as the dotüed ïine, r,.¡hieh corresponds to a seven
j'trch Llght plpe, r,¡ere obtaine,l r.:1th the tu,o-fnch photornurtíprier.

'r'he dasheo l1ne sirows the histogran obtalnerL when the one-ineh

photonr:ltip]içr uas used 1n combinaÈlon vith the phosphor asss¡bly shor¡n

in fig.rre 3"1" T¡6 baelrgror:-nd reduction Ís]argest ln the]ov energir

regi.on oi' the sÞeetrlæ" i{everthelessn the background reductf ons realfzec}

tn L00 kev ¡,:ates fn the 1.5c and f,60 }bv regions by using the one_inch
photo¡aul-tlplter r,rlth the phosphor asse:nbly anor¿rt to about /roß and 25Á

respeeiívely' In vfeçv of ihis slgaifleant redr:etion ín the baekground

c':unt-tng rate a¡d r+1th the resol-ution of the tr.¡c¡ tubes being abor-rf, the

s&lrer fhe cne-Íneh photonrultipller r.¡as used jn the zubsequent experlnrent,

The pulse height distri.bution was obtsined þ the appsratus ,alreacr¡ cLes-

eribed J,n Chapter II"

For the source 186 grams of vanadiu¡r netal turnings l,gg.gft pure)

were paclreri into a paper container fltted snugl;r r:var the crystal so

that it eovered the c¡vstal on all free sides to a thlckness of about

0"J inches of vanadÍr'm. Truis r¿as the sourco used l¡ an eariler experiment(Ð)
and r'¡as found to contaån e radloective lrnpurit¡r. Cor::ections" allowing for
thls 1¡:purít'¡ are descrli:ed encl eal cul-ated in ti:e su'psequent section"
(rri )

/ln atta:rpt ',es aade to detect the praìicted ä eo.ptui-e actÍvit:,r ín
4a)v" b? measurÍng the 1,J8 ìiev photoì-fne eounting rate from ¡-re vanedÍu¡n

sannle and corr',parlng it r¿fth the photolfne countíng rale fo¡: ga¡nna rarrs
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ú \.1É5l,lev ccming from VL.6 gras,s of F-C1 in the serìie geonetqy. Calf bration
1?"7

of the enerËîr seale'r,¡us can'fed out with the photolines from Cs'j' (a"662
/^

liev) anrì Co" (l "1?, 1"33 I'bv) " Åho';d.ng the verlatlon, af sìrectroneter J

resolui:ion çith gallrs rey eneTgy the gat,e reouired to inelude all the

activ"lt¡¡ of the photorlne Ítom the preiicted 1.5u l"fev garmns rat¡ l".ras eår-

euiated. The four contiguous ehannels of the nuLse am¡Lítude anal-¡rzer

r¡ere then adjusted in r,¡idth so å:s to Ínclurde just this gate' Baek¡¡round

and sanple counts were Elter-üetd every eight hoursn this practlce being

1arge1.:l a precaution against senÍous drift, the results of the seríes

of nrns are tatn:lateô belor¡s

TASLE 3,2

YA}ìÄDTUÌ'{ SAI'fIÃ ACTTVTTÏ

Baeksround f,ato 1""/*6-L,?/* l{ev ljarradium (186 ¡ra-,s)

Tlure tnfns, ) Counts Ctg:" Rate ("f-) lt\1ilre ln].n s. J Counts ttg. ilate (cpa

w
"ÊÃ

?on

Læ

tnl

1Afr

1clÊ

r82

n6

ur8

n AË,+ nÃv o v / 
- 

o-¿ /

^ 
Ã1 + rT?L'a ,tL 

- 
av)

ñ /.4+ n?
'Jç4v ¿.v/

a.45 !,t3
Ð.L6 + "t3

/Ð5

t.'x\

cì] 4

av-ro

1a{-,

354

396

(\ í,a + fit.

n tA+ n'r.v ê 4t 
- 

a\- /

î, Á2+ a2eee2 
-or)

r\ Arj + !'i?\rctti 
-þvJ

^ 
É,t + 

^a\/ ê\J'Á+ 4 i\/fu

195c' 96r g"¿g + ,Q!5 ?ß85 IIJUO n t,1 * ntt\i ê\JL - aV\4

Nef countlng rate drie to ranaciiun sanple

th¡e net aetlv{ty ' possibly due to a

gLven Lnrfigu:'e 3"3, the prrjsence of the

The countins rate in the I,Ålá5 \i'e.\r

: 0"1J !"AZ cf. Â hlsto¡'raa'' of

1"lS l"ï'ev genna is

1".5É ì.Ier¿ gâ,-ina ray is ,indicated.
¡^

photollnc of I{* fl'o¡r the IiCl
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Énpte in the saÌne ge$retty t+as '"ieåsur€d r,rÍth

1 e:¡els set to pass pulses uhose energies were

The z'esr:lts are tabul-ated belol¡:

the lower and upper chennel

betru'een L.33 eY\d 1,60 ì'je.¡,

TrnTiì " ?

rÐ acrïr¡lry

}íet ecunting rate due to'11.6 grams of KCl i @nffiX"$ cqn,

Ta cleter¡rire the baeLground, enhanee¡nent fscl,cr, ihat' åsr the extent

b¡ l,'irich the presence of ttre sout',:e dlstorts tÌte bacll5pound counting rate

b-v tts Lntr:rac-bion rrlth the backiçround radlatlon, eLrroniurn r,ietal (fl"rsed)

in the fr:n:r of pranr:Les'¡as plaeed in a paper contaåner Ei¡ri]-rlr to the--._

one r:seci for t.Lre vanadl.um source" A count, of the backgrollnd r,rith and ç'ith-

out, t.Lre ch¡ronlur, sanple revealed that a net cltr.nt,Íng rate of O"26t.A3

eor:nts per minute coul.ri be attributeci to the cLrro¡nltun sample" 9f the bhree

possible tpes of interaetion of ganiräe rays I'rit,h matter bhr: conpton effect

beeornes predoninant at me'iirzn ene::gi-es (the partial ab'sorpilon coefflcients

of tÌie photoel-ectri c ef :'eet, tbe Conpton effeet, and of ¡ialr productlon

a,.e proportional to pZ5, ?2, ?ZZ res¡æetlvely) and it night therefore be

æpected that tìre obserr¡ed net actívlty for the ir,anarlium and eh:romiun

sa:rples in the L"L6 - L.7/, Í'lr:v enerßr interqal could be due to Connton

Baek¡¡rounc sate (r"31-t"60 }lev) Ktl {?t"6 ÊFarns)

l.\1ilïe tlrj_ns" J tou¡rts Clg. Pøte (ept) Counts Ctg, listr* Itpm

385

aÐ

lqB

t aÌ

o.5l_ t .03

0.65 !,05

180

180

LO505

il-611

r.* aA* Ã
)Qa)v -.J

6/*,50 * '6

o¿) n <É,4 ne
v Ò /v I dr-t 36Ð ?:2aL6 1,1 !2 + /.!+o+-/;e *
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Ðrocesses t esülii.ng from the j.ntcraetíon of nedlrm energT gslr¡Ïa radlatf on

fram radioactive contamination jn the Pb shlelrl, photonultiplier tubet

or from ihe lnteraction of cosnj.e ra-vs r,rith the sampies' iìega:'ciLess of
*

vlrattvpeofÍn.Ler.actlcnli;actrialryi.s,theratioof+.henetcoun3in.glrate

due to the vana,1Í-rm sanp)-e to thet due to the chroinium sample should be

about0"BSsineett..eZnu¡rbersofthetv.iosair,ples<lifferonlybyoneiurit

.gnd 0.83 ls the rafio of theír dèellttes" The obserr¡ed ratio is 0.5 !.]1r'

Therefore, the posslbllit.r thet the observed net act'ivit¡r for the vans-

d.iun and chromirm ls r.ùioJ-ly due to the lnterection of the baekgrouncL

rertiation vjth the samples, seelis un15-ke1y" Thj"s s''ìggests that the chro-

mir:rn metal çras a1sc, eontaratnated, fur r^rhich g¿5e the baekground enhancenent 
-

factor as given above fs not a rel-iahle estinate and cannot le5ltlnratel-y be

used. to eorrect the observed activlL'," of the vanaC"ium sanple ån the l- "L6 '

1"?/ï ì..€v energv interrral for baekgrormd cll-stortion" TL¡e countj-ng rate

of 0"13 !,AZ e¡trnts per nfmi'i;e cånt in the ilght' of the foregoi-ngt be

regelrciecìasTeFresentingånupperilnittotheaetir'ítvofthevanadiutr

sa;-¿ple in tTie L"t*6 - 1""7/t l"iev errçrffy' ran{Ie"

An attenpi l,¡as nade't,.o eorr,ect the v.anadlum sam;rle count:ing Tâte

intheL't,6*L'lL].levintervalfortheactil.lÈyofthecontatrdnantre.

ferretltoearlj-er.Sfncetheprinclpalvanadir¡moresare(38)learnotlte

(potasslurn uran;il unadate) ?firÕ3,vzt5.K2o Sïran patronite' an irnpure

vanacJ.ir¡n su1f3-de, and vanadinlte Pb5(v04)013t the possib'Ílity of the con-

ternlnant befng arr¡ of the products of the Thori1¡n or {and) Uranfum decay

serieÊ st'iggests 1t.self' The three.,geríes nay be itfferentlated þ t,he

fact t,hat one of the prodr:ets of the thoriurn series, 81T1208 
en'its an

lntense Éìfr¡!îa of energ¡l 2.62 I'!ev while the hlghest energ;r gaÌnna fron any

of the pr:odr:cts of the lJraniun seríes is the relatively veak /./,2 i'iev

X It ""s 
found that the eounting rate ot' the ra,liation froin Co6 i-n tire

L.Z-L./¡ Hev fnterval 'as 
reduõed on the average by 5Ø trhen the

vanadirnn "*pf" 
was lnterlposed betlreen ühe source and the crysi;al'

Therefore thå interaction- of the background. radlatlon r,¡ith the sanpte is snalln
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ernitied b1,' 6rBÍ2J4 as it deca;,s to 6rPoã4(rSJßÐ.It r,,as d,ecided there-

fore, to deternine the contributlon to the vanadjun sannle eountlng rate

of 0"13 counts ner ninute ef a possibl e thoriur¡ or (and) uraniurn fanlly

eont,aninant, The thorluin contribution r.ns deterrnined iT' r:..eazuring the

eonrrting rate of i;he vanadirm sanple and a thorfrni sanple in the :'-/ó -

l-.7å l,{ev and, 3,,56 * 2-& }þv inte:ruals. The rçzuIts are tabulatecl belor¡:

T.C.BÍE 3"4

tor-rnting rate: in I.Å.6 * 1"7/' I'lev

CI"13 t,02

s = {9t8 cNDn

Sour"ce

Vanerlium

Thoriulrr

In 2.56 - 2"66 t''ev

c = "00? 1"016 cpm

b = l-l"/.? cp"n

The o,;atrtit'¡ (se/b)=.AZL cor:.nts per ninutc gives S:ome rneas,ure of the

contrib:tion nf a possible thorlun ccntaminsnt. Strilerly in conslr'lering

the possÍhilitv of the cc,ntamínnnt being of the r:ren-ium series an uppel

energr' interval uas ei:osen betr"¡oen 1,?0 - 1.86 Ì'lev, thls belng the regton

r,,rhere t,he pulse heigl^rt distrlbuilon spectrr-¡m of a Uraniurn sanple exhibite

an iritense ljne. Tliis cher".T'intervaL includes sone veak gan'nìa rediåtlon

fuon the thorfuxn seriesn Tl-re results are tabulated beiov:

TÁ.BLE 3,5

Scur:ee

Venadium

1-Trani"'-un

üountin¡î ratet Ín L.#: - 1,?/, llev

n l?+ ô2 ¿nmv a+/ 
-

e = i6¡ 291, cpm

In 1,70 - 1.88 l{ev

ð.'-"O?Jt! ,02 cpm

f =BrJ68 cnn
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The quant fW {e/t) = .0/,to eounts per minute gives sone neasure or' the

contributLon of a posslbJ-e uraniu¡n conte&inallt" l\ro values for the net

vanadJ.urn sampJ-B'-åctivity 1n tbe eners¡ range flo¡n 1"1n6 Lo 1'74' Ìíev are

thus obtaínqd þ subtracting the calculated contrib':uion clue to the ln-

purity fron the vanadium sanrple eounting rate:

0.106 !,AZg counts per rn:inuiê .,e"," Cqt (corrected for Th i¡opurity)

0,086 ! ,Ð29 counts per nlnut e ...... Cy2 (corr-ected' for Ü ir,rpr-rrity)

The speeifíc aetiviby o-Î the 1,J8',t';eY g&1!r14. rsl'¡ sy, for vanadÍu¡¡

aan be e:çDr€ssed in terïs of the spoçific Sanma ra;,¡ Eetf'vity of potassirx'ne

S¡çe ss foilowsl

sv = cv (ÞrÂ%-ed) K s,.-K
c* (iaeceoeu)u

r¿Jhere 
\:r+eÍBht of I( in KCl s*nple {T/.55 gfans)

lÇ --rveight of tranadiiun sample (tg6 graros)

A = the. aborotlon eorreetlon needed to aecr¡unt fol the fact that

- gåfirltas j¡t¡:ract }rj.th matter in ihree r¡ell-kno""n îIal,'s'

-ilt the enerry conslde;:ed the rntlo of '\ft=1

G = geometricsl factcr-in this case t'he sane for both the vanadiun

and potesåirnn sanþles'

(*¿)6/(e¿)y=ratio of the eific-i-ency of the IlaI crysta.l j-n deteeting

the gar.r,na rays of energfr t./rh5 ancl 1"58 ilev'

=I.O3 for a I liT x I inch hlgh t{aÏ cr;rstal i"ríih sour'ee

remove<l Q.2 eois. .firmttre <ri'rstal(40).

(eo)/{eo)y=the ratío of the photofraetLon of the tl'¡c ga'm.ias here

eoncernedn The photofractlon of aqr gai'llira of energ'r 1'l

is the f}.aetlon of events taking plaee in the cr.;rstal



due to the garuaa ancl that gi.ve rise to puJ-ses in the

photoline

'- L.O3

s¡ç= the si:ecifie asti.vitv of xQ ganrira aeiivity. rt is taken to be

3"4+ û.1 garraa euânt¿r per second per gram of potassirm(¿f ) {U ).
The speeific activi.t:r Sv then beconesr

sin < :t2,69 x l0*4 and SVZ<g,13 ,o 1o-¿

1"58 l,fev galrma quanta per second per gtran of vanadl¡n for tu..,

and Cy2r respeetively,

The partial deeay constant, .l,e and the pa:'ti-a]. half-life, to for I( cap-
50 qn

ture in =f-" to the first o:efsed iever ln Tf ''- at 1"5[J ],'ev are lhen readir*

evaluate¡l and are tahr¡late<1 beibr,¡r

Sya'9,13 x 1o*4 gennøs/sec,fgn.

of V,

\.a, 3.ze x ra-23 uu""od*-l

\>6.8 * 10tr4 ]re&rß

For e trausitfon energy of 1158 Mev these half-ltves y.i-eld 1o610 ft values

of 23,2Ju and 23"38, respect,ivelv. Tt¡e half-lfves are '.,rritten as ineclualÍtios

fn view of the uneertalnty in the backg-round enhancæent fact'rr, as r+ell

as of the faet that the eorreetions applied are ssner¡hat arbltrary Í.n

nature, 1o deteraúne them r+'Ith more rigou uould reouÍre that a ccmrparlson

of übe eonplete vanadium pulse heignt distritnrtion spect:r¡¡ be made r.¡íih

si¡iilar s¡:eetra fr',-.m thoriu¡n and radfr:m sainples" By fdentlf;.¡rng sj:nilar

features on tlie spectra and detenäining their rel-atLve intensities a more

aecurste correction faetor ni"ght eonceívably be arrived at, ÏJith Êh€ r,¡¡'Jr

lcr¡ sottnting rate obteåned frorn the vanadium sa,nple such a procedure is
uot feasible.

s-rrl. !2,69 x l-o*4 garrmao/sea.lg,n. of v ;

À< d"n x ra'Ð seeonds-}

t> 4.9?. x tOI4 a,resr6
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The mlues obtained for thB haLf-1ife of the deca;r of V'" to Tl'-

by K captur€ are in general- agreer:nent r^rith the theory ahd the nal-ues of

the half-life for tirfs ¡oode of deeay obtsine<l þ other uorkers" Thet the

1,58 Þ|ev gårma ray has l:een deteeted concluslveLy is not certein" A dif*

ferent approach tc the problera is proposed.

ïf the 1"JB l,fev ga*na fÞorq the excitec level of 1ifl exists then

its erûísslon shoul-d. be followed by the Tf K ¡r-rays of ener'ry /+,5 !<evn

A aonicidence eount of 'bhe 1.58 }Jev garr1¡ra and the {.f kev K x-ra..¡S

should then l:e posslble" Using a la:rge Naf(n) crystal to detect'l'58

l.lev ganuna y¿r¡s anrL an umlounted CsT crystal, vhich ås nonhygroscopì'et

to detegt r,he soft K x-raysn r^rlth a th{nly opread. oìJù sor.)rce that coulci

also servê as a refl.ectoro the total absorptlon of the 
"{-i"ays 

in the

sôiJrce c,:uld possibt¡¡ be avoicled, qy putting both scintillatÍon counters

j.nside the lead shiald t'he coÍncidence due to backp-oun'1 should be

rnini¡nizevfn rt source en¡iched in V5O r'¡or-rld' inerease the genuine coinci-

d.enes counts, By doing a simllar *çerinent wfth It'P, ttie speci-fíc acti-

vltv of the 1,58 l4ev ganrna transition ln vanâdåum vould be computable,
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Tr* t.,3 ',¡r.,r:., ;:,r,.-i.:-i.'.-:i: - of TAI8fii*US Jreen jl:or.,¡r Íof irboltt ir+e*t:r

I Cl1

r,,Èãîs" it is l;rod"i:ce¿l in a i:r-u:hef Of áific.rent reaeÌ;ionså Tet''t(nrfo)n
't(i-'l ì41-i, r _,1r..12¡r- I i -ì_-_--- *^L_^ l¡aa h¡nn n¡.rTArtl{Ion), T*1õ-t.De1-}t1¡ e r,i \¿¡p*} r Jr decay Sehæ¿c has heen p:"rp*eed

b, B::o-,^,:r et,::. i52) e.r.i is sl"to,..nt'r:el-oltê

qrS*Ì?L4,1

TlEC,iT Sl.i-i*ì 0F iÀlII:l.LU]Í 180
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The iog1,..,ft val-r:es øf p,nnù lrrru ¡r;irren ;rs 6,8 aäd l',5 r'esrectivel-:'{ã2)n

'Ll:liÊ eJ-asi*;rfri nr l,he trar;gitiol15 as first fcrbr"ri-åen {[i=L {f*s)}o Õr

n¡ssii;1.-.¡ al-ln¡,¡e,:i it 
.L | 

Íorbi-r :eÌie Ln vhl-eir caÉe 1:rr) ne:'i.t-¡ change iS

-l i-{ilin.¡ohrcd,, iiince "Ll'''-'' j s íìÌl Êverir-9-!"Êrr n1i,e]-eus ,i¡itil ¡3r,rt;rd staàe J=O*

rnd ,i'irgt e-¡ieJ..ieri 1g',n.:1. J='¿+ thls j":r¡lics ti:rt L\g iJ,3 i:o'';lr 1e'¡etr of
I 'r-\

Tâ' '"' has J=l (t),

fLec*riti-;.' {5}'i ntst S::cûtrorryaphic ovir,l.ence has ìrcen re",:rortÊcl fûl'
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th* l::erence ùf îali:Jas en is:t,,:;c of tc:':;r::'uri':l-1.-"' ocçu:'rir.ìg 'l'atrts-l'u"l:

r.d.til an ¡:b::r:rlan*e ojl ,l.ol-il]:i o Tallen to:e'htrer l,¡ifh tl:e arl.j.tcr,:nt isohals

iifL"ft {};.;.1Í.} a.,.1 Ìil-1i(il,13",.i) --f ä1 is tile c':ni;iii :'rrìj^-ì'rr of a -:at'it'ârì''

occrrgi-¡ir :isoba:"ic .i::ieå, o:iÎ ui:ich lt leasl onc ::ei;r?:cr sl:cr;.I'J Ì:e

-, .1n

rad-ioå13î"ivL". îi.c r;r1-i-oactive ;':elbe.rl is l"osi iíliel-.' 1'a'-'''-' "becau::e of

its t,,,r1*or,ili *þal.ac,e-r.* f ',,s lcr.I isotr,lLe abil:rla¡ce ;ì:l:lìorrts tiii s vis,¿,

Tt fol_ior¡s ii-1c:: th*t, the,9,3 ho';r" aea,'3":iilr cf tar..talu': :is Íïãceedi.niì

fron a iletasta,rl.e siri,e o- -al-81) since thc t¡i:rin¡j sf,aie rruFt lnÏe a

ha1f*life oí tlre or.r-1,,r ofr ot ¡lienter" tÌ.enn tiie agc of tire.earlir" Tlie

faii-dï'Ë of ¡::er.ioris r+o1i:ors to dr:iect er¡jilcnce Íç:: lln isci;:e'ric ir¿lnsí'iian

frol,: ti:lç st;¿te i;i-iies'tït¡rt t:,* lrert,i¡]f ir:rlf-life Íolll:Ìs;::+C-e ';f Ceca.';

ís ic.n,g sûnr:alerl uj^'bh Íi,3 io-,1ïs" 3îo"in el; a1 (52) cns"i'rlate a r¡eajr

i¿j-:',,!) K cs,:i'lr-ii:c t::nnc;iiion te iì s+conrl excitecl levr:J- of iÍfltl'io

eqrlnt.n t'he presr:nce ùf å r¡JÊßli'gå::Jll¡l -r:å-" +ol'rllÓner^;t ;il: t'he et:a:'];;'

ríÌ.nírð 175 - i+5A kev- Su,ch :r #.:::.:a,rav cc'-'1ci l-'ol 1al¡ the exci'1ì'ltio:: c'J' lhe

l''il t,3'11 l:ev or ci.iej?nrÙj-'¡el-=¡ it' rri:ih'; hnsee,::iC e:tcitecl Jc-.'el of if* a'

rJre t,.: i.',ì:e j-so'reric't¡:arisition ìlr0Ðû3ÊC in thc Íore¡oi.n¡:" ia'n:|1, 1i

Ê€ ì;?lç îeli¡'i;Í","e intersj i",'of Lhis eo¡lnçr.ent one a::::irep et a ninir[r¡

h.:i-f-Iåfe of r];oii1, Ûlc ,;ours Íor ¡ir.e l.sc'.eÏ"ic t:"a:'lsitir¡i:. ?!:is i.n

t-:ilrr; il¡p-l-j.es sûl,e e'o,rllrj.i,;iion ç:f lol¡ transj.'ticu eneÏií anri hilli

nuftipolaríty for ;ïre trans:t;icn, ;i*carditi¡, tO i;he shr¡l-1" 'ls¡l'cl tire

neutroil*p:'n:,on eonfl¡U::a'bir¡ns fOr i;iie l.):cr')t)r': stii;e of TolLlìfi l:alr i.iÊ

taken ïo ire (;n ¡.çpz il) o;r the Ì:así# ,cf i,ire cc:tfi¡¡:l'i;ticns for t,be- t/ t--''¡ "'-

o¿å Z nuóleus '"-liÌl r,nd the od-r1 ll ntrele'-t$ !{*'lq' I¡^",-oì<i:rí-'.:c'l''ll"ein8s

',feak eoujl\lrng:r,:Le {5/i tiiis irirl-ies the ¡irLrr,ind p'¿nte snin ântl :rarit-'¡

of, Tål-íÌ0 is j or- /n (-) o T.n -;ieil of the r:rob¡ii:le aõsiitä:,'iç::t a:'J=\t-¡

fo:: t'ne 8"J rti:r-ir level ti:Ís lends "l,o the sel-¡:ction -¡ries ÁJ=2 nl. iinoi
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f'.r:- the iso--crj.c transii:i,¡n. Tho ì.ong ï,r.if-liÍe esij.n¿rted ån the f:re-

¡lclnr riti6ates Ín f;:vor:r of AJ=3{no) leariinß {,o 'uire pï'olrosål of

J=Lí*} for the gr'*unrì state of ?41ffi,

iir; tìris basJr Li:e ;fctnd*grour:d state transitinns bet'r.¡een Ta180 ..-
and e1ther äf180 o" i,i8o obe¡.'the seleetion ruiesÀJ=d{;,'es} and sre

t.h.i.rr;lcrc thLrrj -forì:id.lc: ,uligr:e- J'n-lr'încr i :lc¡ tí=L8 ûs reþresentd-

tår'e of tbis clrtss of trans*tlons, ancl assuning a transitJ-sn enerit¡

of ,7Cí-ì lrcv for tire negatror: trrnsition aricì 4ûC l;ev i'or ti:e eleetron

ry¡r*ture âecav r!:lc ar'i.ves gt nalf-.lLves sf 5.CI x l-01-6 snd l-'5 lr 101?

'¡egrs reËlecti1rpl-1r, foz' jj1ege possíLrle :'iocle5. lrensitions t0 the fÍret

ex*iteci leve-i-s rrilj- obe;r tire selcction ni-l-esþJ=?-(yes¡ and u¡ill- ire

fLrst forÌridcien u::i.que i,rith J-ofiOO ft l:etl.¡een 7 "./t and 9"9, anci slioulcl

certaii':.1-ir be cbser".ra.b1e, o-¡en for ire¡:sition energi.es ns 1cr.¡ as 300 lcev,

T.t is nnte-t"rnrtl'rw tlmt these l:atf-i1l?cg reprçscnt r,iåni-mr:r volues in vler.¡

of 'Li:e :la:ri¡u-rl transitlon cilergies teiçen.' ;;'or a rentre of possible

hal-f*1fr,'es GÊe the 'çable belor¡l

s$-RL¡r- /"J

JWÆ

''nr1a ¡1'rlnnrv: -vçrv vr- l:nerg,. of transition 1^* F+!u.i- r ¿ v-'iu ilaif-li-fe

Ìiegatr*n e:ri-sslo¡

l{- nrr n'!-. ¡ ts

7,L * 9"9

7,& * 9"9

2,0 r( L0?
çlto 6,3 x-iO" l/eåïË

il "9 x L02

to 2,5 x i-08 ]¡eårs

ou(-'

3Ðû

Eberha::ilÈ et ..ìl- (55) havo ex€ulÍnecl -'rario-,re

searc?t for sril:startiaL qr:ai't.ities of hll80 v1:ícil

üant*lur:l ores fn å

should foll-or"¡ tire
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t;ega,r,ron¡'ìecñ..rcfTn]3C',and'h¡:.¡eestg1r].j-sl-ec1.a:ij'njyu'.l¡i:¿l1Í-iifeof
-,2¡-r..--^

l-¡-tt.'€års fór tþi-s nLsde of iì-eca¡,r ii: ccntrast tcr ì:iie fa::egoÍng ar¡¡"r-:::erln

Á silr1lsr sase to ttrat prol>osecl for Tail0is the one o- ¡rt1?ó

r;rhere 'l;i1ç ¡f o-ïnd staie i:a.F a totli h.aJ-f-l-ife of Ìt, i:- lÛlt ¡,'a'o's for

neg,ltron ei::Ís*cion ant-r. for K cepti:re, uhile the fl-rst excitcri levr:L

hes a hnif-l-ife for, negatron a'iÍssisn of i"? i¡t":l's. ilo e-;'i'ìecce fcr

the isor,reris tr:rrsj.tj-on Lrr''-1íÍ, 'rr"'?(t h:rg ì:ee:l ac;'¡Êllcei' 'Il:is is ;c

ire er¡.ec:ed slree LutTó* n"* .j=1{J) nn¿ r-"1?l has J 77 ' åc'rorci;n-q

,co the ¡hetl..:rc¡el- t,r1?6{ Z=z:*sir,=\A5} shr¡uì-c1 heve t,iie pl"otan cca-

iigu::ntÍr:n of Lui?:t:r¡) end the neutrcn conÎi¡::'a+"j-on *f

',u'l-?Td", 
-î] . i as íl:'t'i:re case "f 

i,"130" lLinliei:beríriíú) hep sìicr..tn.
1_r'-Ì /.1r a /-i."t ê- i¡ e i.71,

tLst in ilre case af Lut''' ii." odd prci;on ic å:r',,i:e óh.-¡" state *nd

tlre orld :iÊutr'*n is in i\::e 1i7jr, s*atq anü-,prop*ÊÉ's tl:e *'s5Íi'i:l:':siit

-î=l-0{-) for the lËrrurd stai:e u,rj-ti:out excluôÍtrü 'uhe ¡:os,sibil-i.t-,' *f

J= 9 *r 1l ' ÏÍe sr':gçests ås ar] g:,*?j-nfl.1ilr:n fo:: il"j.s ðe¡grt¿,:,rc -í,j:c:l

the lrsua-l. ã¡.en- rociel level- scirc,i,e i,ile prcsence cÍ' .'" 1:,rrÌrî i'ti;edri.:iû1e

ï:rûrrjËn¿ù. îhe reeenl ur:ifj.ed.:oclel- cf Sotr and- l-ottslsaß {5?) rxrecìÍcts

a lar:¡:e r¡-ir¡rfu*¿Ðrle troilenl-..fO:: isotopcs r,¡ei,l- re¡oved f::oll glcrseii sh,eils

1r7í 'ì ".'
es aïe -n!-/u ard.;'-'r.,f it'ìo ûtrr tì:e i:asjs of lâl';,c cûïe'icÍor-'rtjtnc"

T¡E-j,h st,ron;1 cor-t';liin;¡ lrr-'t',;er:n tl¿e e:itrn Ì:.r-tc-l-ecns i-rl:C tl'le rlefor::c¿1

*o1"6 rje:ie.:.tu:.es frer.: ';he st::lct s3-ng,r-c .;ärt:i,r:l.e i.nrloi av't lo ì:o e:'rye*terl.

ït 5- ihor:ghi: f.hen i!r;rt tïitl s1;in cf i;i:e 5i"'ir':lr-ì sttt'r' ''f Tul-ilÛ ni'¡'11:t

also ar:,i*e f-::o:i tÌ.-e hi¡hcr an.l,I*r :t.r)i-rìÊlr+.1-:ll1 cai.:rfi5'¡:i:'.ticn (ir.-, 
¡f,:1U¡å

and. is of a :,:agnj-tuCe cnnplraìlì-t to tii*t t:f ir;i?{-'

,l cl.errer ni*ti.ire oi the statie l::oi:er1j-cs cf TaISO :rust ar'mi i;.

furi;itcr:. e:::erí:reftal rlatrr, Tire n::eSert i:-:";csii'gati-*n is an ¡11;j'e-:"í

t+ ,le'i*:e'i îne ga:lsrå radl.ation i+hieþ si.oÌil'd fol-l-or'¡ 'bhe deea;r Õf TåIP/J
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to an.' o.i tl:e exeitecl lecels of eiii:er Ti+80 "" '.,Ê60.

tri),LwsägLss-gå Sæpq:rrrç#fÉ¡ fÞ€çPåIãiet

3n at'le::rniång 'i,cl ¡lei:ect the natural rarlioactivit-1" of T4180 , the

¡:cíntii-latåon spectrmet,¿r c'ï.ssùríbed J.n Chapterr â ancl 3 'sas used'' In

t,he hope ef b*J-rig abJ-e to serarate the expeeierl 93 ker¡ g¿calta rn-'¡

r-nnand-ìn¡ lrn:- *uhe fj-rst excitecl le'¡c]. to tite gror.tnd staie of il.fffi frorl

the e:*neetëd 10? lçs1r gßn;ra r:r¡¡ íror: the fírst exeiied Ie'¡e1 of :t¡18Û to

Itp gr.alnrl nb::ie, e^ 3- \.//* x 1- ),/Z ånch ÌlaÏ(fl) cr:.¡$telr i¡oi:;rtetl in 
"i:e

nsy:::aL flsi:ion ít: an åå car:o t¡'"as uç;ec1" Conpled to the ru.19Û pho-bn*

,:u-1ti*1lc:. tul:c the reso]-utísn sf th+ {:,62 Jre',¿ giÌrìÌâ ray fron ç}}7

r+"¿s f*,,;nr1 àr; be q"6,q , Tîun> sources of Täl-80 uere obtaineil. Photogaphåc

nnzrìr¡r:ic shr:ueri f,i::Li t,he firç* ganple tråed, ?5 g-;'ærs cf 1å"Ð' oþ" K j

tti:ieC f¡'c¡r l¡i-shel Scic;:ti--fic Csn,lanÍr '.tÍrs sctnåtï"tilnaten r'¡-Í th raiiic-

acii"veprod'..,:ctsfrl¡ltheT}roriu:nandi.jrsrnlunserieç"Jr.¡n:1seheJ'cht;

an.e-l-:¡sj.s s:pll::te.J tì'is fact'" '-¡oî the sec*nd sa;1,:l-e, $0 pe;ns of

Tantr¿J-r.:;r Ìioi.i$r-:r obtsj.recl frolri Jo-hnson, }"la{'bhe;r Q *s,,r 'Ll:::ited¡ 1fere:l
¡sed- SnçcL:'o¡;ra:ri:å*a1 eriii:iates af the quantiiles cf ihe ånpritles

p';:+*ent Hçre :rarie 'r¡ l\r; Þrcc1r-lcers. ancl. are 
'iír'ct: 

belc'i'¡:

Til.rìIE ,1":2
\

gqår:æ-gi .IT'n;{itriqs-iþ li.årr t¡J-Uå PÐ",'¡+çt'

El-E:eat

ïr-on

1';ii}Ð:Tln

s-a-_L:L CQn

Ìla¡resÍ:ut

l{i"cìrei

Par'cs Ðer I il-lio:r

jÐ

1n

t_u

1_0

a
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?þr::e:rt

Åi-¡'¡rl-:: jurr

0alciwr

Sodåtun

-(r/'-

P'r?.f.q r.^T. ì | Ììôl:

4
a*

I
1 ess than I

ile''e::ts s¡eeific¡:-i1-¡ sorrght' :b".lt not C'eteetcclr

!\g, ìæn :i;:, ila, Be, td.., Co, Cro (i.a, Lr'e, i-ig, In, Tr, Ër Li r ihr l oe Sst

iri, Pr1 , Ft, iì,b, ;:lir, lun 3b, Sn, St, Teo Y, H, fnu fr.

Tl-¡êqÞ 4ñ ¡:r*rrs nf Tai:t¡.rh::l ?or.¡dcrr,,¡r,ìrÊ TÍåÊiis(i lntc a ç#"eeti* container

fi-i;'u*li si:i:.gJ-:r ni"cr th.e erl.'gtê.l so tha+' tha ncl-ucl.er cÕvered thê

c.¡|j"nfirical r+al-l- of tile cr.¡sta] to a thicliness of about I tm, Phota*

ryçn1ì'rr e-¡'1 ,*q"!s f .¡.Ê horlr eî-!l'rs.rr.Ê') ',-ewell] oc1 sotre yeai: ac't,i*u'j.'L',' af:_! úij:::ç c,.,¡i_L, D-Lp \ 4¡r- v^;r . L'.,Â \¿J

ër:e'-;g¡r arci:nd {r5 1".e.¡" é. i.d-r'le cìre*nnel puise irci.r;ht C.isirlbl.:tíon anal-,-sis

slio",,¡e6- ilo ncÍ; acii.¡¡å'b.; abo'r,'e ¿llû Jlev that ',iaS ri+t r+ithin thp statíer

tiosl srror cf ibe J-''nç-lífc,unc1 ccuntin[i; ::ate, "å narro¡+ channel ¡ulse

iieiahi di,si,::íliuti.r::: ånal¡rsi-s between 4O an¿ 3/¡C 1;e''"' lte,s undertalien

and a hi.st.o¡tar of tlre net ect:j.vÍ'L;r cf the iantalun lowler :in t'þ"is

€lìr;ï¡-- int;r'r'al- j-s çvel j.n finlre /+.1 " lln elle-l','sís of tlie hisioggan

vcri.fi.es l;he rrre sence of radi-il ri-o'l of ercrtit al"{lrnd. 65 lrev a:id possihJ-1'

j.nilic.rtes so';e å¿i,j'vjt:'' j-"'r'*t".ieen V) ¡.nc1. 
'1 iJC þ;ev'

ii.r-r ì Irrt*:'nre'¿atjr- on clf ii,c g.d-i: s 3

r,'lirether tl-re exnecl,e'c" dr:ca;;r "f 
'IslFil nrleeeds L¡" ueäatrún €'iígsiûr¡ i

'l irl 1 'lr'.tr ì'I''"''' t:T 1:t:r eleet-'l,n cnptnre to äi'' -s rrliless the transition ås to Ì:i:e

*¡ç':i C s.*,at,e, Íi {1-ì:-'ã ¡s-.r .rl;1 3s ::ci,'ht Cis'¿rihiitÍon sho':l-ct i'iel-d

evii'l.er:cecf"ihed,eiec'l,ignofe-itl,rela93llevi'r]'o2)<evgai.raãral,r

Ës ,.,¡o].L as a ll x-r- ìlf cf eitiler' ?I or llf de¡e::r.tr-iirg oi: tire :::oii-e of dÊealr'

Tire e:;lcli-:',er.'ral- ii.irs'¿ri,:r-lti-on ifiWre /'.2) gi'oçs â aÍo-rinent fertlrre

a.È, alnuli,i {,/.,- kerr" ii: is t,eir,l,'ì-,iltçf to i:t -nr::et t'iris n.s a su;:ernis:i'bisn
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of ?.;r-:'a\r p::l-scs:l-I.::.s tiie escgre neak oÍ a jÍLrL'rìa ral- of È¡ler.t'/ ab.'ui

lOC kevr nii Ín viçií of tl:e l-inlÈed statj.çtical aeeltrâc-r (abrill, 1r,l!,3)

¿¡is {rterp::etntL*t ean;rot be re.jecte,L concÌr.:si,¡e1ï, Th+re æe, hor+ever,

a ni:¡ì:er of s;rong argre:its ag¡lnst it. The r*irl',,ir sf Ìrhe superi::inosed

rlisì.::iìrrtjç:i rf the ó?./, l:ev calibr-l:irn lile ånd.icetes Lhlt'r,he

pr"r:i,:inenl fcrt-':re ol tl"le di,sj;r:i-butio¡ i-s r:ot ¡r supcnrositlon J-ir:e,

r.r,"riess'i,he sr:rrerl-'.rose.l c¡''rc¡lellts are close togeti:er on i,iìe et:€r]cty*

n*ale , *r" unl-ei-rr t,he::e 1s one 1t::m,:1-neni låne near 65 he,'t çith the

oth.e:: co:::l-.onents nf i:l r-r-19i1 ¡¡l'¿jle:r intcnsit¡¡. fn the fiS.rre there

js åniiic:ted the e::'.ec1;ed locatiçi-, of -i:he i{::-rav. {5r: Uev), tire ri-sgâ,'pe

:realis for the !] 1";*v gania r¡r.¡ (65 l,rov) and tire l-02 fia'.'a r3-,¡ (7¿:ç+'¡),

t'l:e rhl'i;olÍ::es ,îci the jj i:øtt a¡ld i-02 kev ¡4a'i"ra r4--,rs. fi tis eJ-esr th¿rt

:-ot rJ-i" i;:ese fe-'b-l'es are DresÐrt i.n the obsei-¡ed d"isi;"åþ:'bion vlih

¿rn:ral iri,r.nq-it.'^ sJ-rce Ír, this cvei:t tire dísi;r'iì:uiioi: sirfi::i-d, be i:-leh

'b::onii.e::, îhe :-r.r:si ',',-l-ar:s.iì-,Ie s;r-'Jl¿¡.gÌ:j-oi: j-s .,nat ;he feature arlses

frr::i:¿ s,:p:r::..esitir:: of "l;he $6 Irev ii;<-i'a.¡r ',,he ó5::er¡ esceJ:e rreal:

fr:r the Jj ": ev ea'.:'\p vsr,. :i'.r,J t'he pl:otoliire for" t'he l"e'L'uer garir.-.ra ra;';/.

That, this e:'::Ïanaiion is rct, lÍl;el-1r cen i:e seer J.'rüil a censide¡'stion
1f,nnf .its å:':r1:ica.l;ion" If rhe 93 liev l-evel in ìrf-'"i,s ì:eing excíted þ

li*cî.¡-rtr::e, i!:ere silcr.:kì h* 9,.? li x-rn.¡s jor eyer'r lC cisrnte¡rrtíons

si-nce T'ne ;i si:eil fl¡-rs¡escc.rce'¡ielcL of i.tr is g3ii" Tite 9J );ev l-e''¡el

-.,rj.-Li 'be de-e:¡citorl i-l a¡i E2 1;r$nsition vith n -ì-&t¡¡e i:rte:'nal- coìï!'er-

sii:tr cc+i'f:i,cieilt" ?iie ta'þies t,î íntelra-l- co:i¡,"':r*i.on eceffÍ,el.entg are

urlortuirltc.l--¡ r'.ot öc::,,;]-çt:e so tirat a rel-Lable es'Li:,:¡rte of ì:he re-l-a;i.;e

lt-her ol ,:.t'--'n r-r:¡1 .?nrì i:' v-¡91¡g j16ì -r r.'i t', ': i "'i;,'¡...,lr.i eûr.,ft.,l:Sj,O;1 Câr': rît.'*..

te made" l.'c:,' +,'l+ salie of tire rrr::.::',çr,t '.¡e ¿se t'h,l I( shell- (7"=72)

*+'il¡cvõi.+:: i:,:,e,.iici-r:',i, oC2 tor Ifi itev.E?- rrdiaii.ol: ¡'rs ltivoir b-"
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r: ;:'i; r,j {,{:l:¡ o as ln;licaj:i'¡+ ;f il:e r:rd.ei: .;-t' l:a1::itr.l*co For i;)ne ***rrry

lï'' l.:e'r01"=".-|)i;i tì-:e:1oi.,.r.,31, -¡¿tl"uo vil_l_ ì:c'l..ij;::l:;r,'!\;e ax,ect.-itåc:rs¿-

l:,is r:3s€ .?l'ç sl-r':î.a:'i¡,';r'Ì i¡: "Lï:.:l o;abl-c i:e.l,t',.¡:

1.- ... ì ,-^i { -- -.- -t. i'. 1 t :

rì i lt .i:M|

i-',.,1 Ðf Garna grtl;-it-;cl.q3;

^-- ll"3 ir. ;.;-¡;"l:rs 4ü* io 7i*ca'.:Lt:::e

Z 2"ú. i. :{-rî.,'ü l'.'.te 't;c i;:te:.r:nJ- cp::version

47 "3. 
ci:1, ¡r:v i:i.i;,.:t:,F¿ ;:.,,r',-s i'f .-;i::lcir

*¡'il-j¡ C"2 :,:i1i ¡,,i:,-e ::ise ir:

!Åf\ r) i,;+,n ..e Ðfr.rll.1"

i*l ;:',l.Ci': i. -:nr-r.il ry7 :-:ç'.¡3.',, :i:ii: l,t;,,--,:,;.) t.l, r:-v*:.,r.:{.t,1, r,;:: i"lrlii :t .::*:_",Íl:.t ij-ng Of abOUt

tæ ül¡nes iì:e '1i¡:i;r;r:f:il:-:. 'c.;' l, -L:i ;,,: n*-, ..,-".:) i:çv" r¡i,1;i i:l:J";,, ,.r feehle

ir-rq.lj,.cÎ+,:itt::y 3-:i t::,.t, r¡j-' tlt+ r$.r.:;lc ,.,.1 .i,.:. T'.. c predictlonE l+:. nrr-,,, of
^ii:c cti:i,rl' l?ssjblc :4i7e9 ot- rÌgre¿i,:r il1'Ç *-.r7:i l-¡;s* i1 ¡:c¿O::r1 çij;fi tir*

tt-1.¡,?r,'f,-'¡úd tlÍ.sl,::jl-r;Nj.¡,',. ,fn't'ic;',,r t.Í t,::j-í:t Cg¡:s:LrÌ,efa'bic;: jt iS cOl:chl¡jeö.

"çhrt llrc T¿r.r'l'¡;-' j,i-1i-: ra'i:-'l-e ç 'r¡-"1-,-::.'g¡! in t,'¡e i::r,'',:çJ.i;lat':-o:: is cñ:l.gliira'bed

T,,4 Li: a :iri't-r-Or.ci,,1-,r4 ir:t,:',::.f il:¡. 'll'i:jS CC:rl-iiSi+i:- 1S .Ír¡ilhçr COrr"sìl+r¿¡.;scì

};,"'hi;c iì:1:rr,:ÌÍ:ce *i ili:;i:c:i: cî,.e1:::ry iî:-lî,ir,:íi :;:.;i.i¡iio1 cui io *irsi:t 31rJ kr_:,1 
"

Ii l:i:e -ob*elyeci ccti:;:i-,i.n¡-; j:;r{,ç ¿¡ l}n1-r:,,','l "1î ei,i:,rits ^,ç;" , i:i.-ttë

betr¿{ri:r Í:, cnd lil-l 11e.,' i.s cl¡si-¡l.c:r."e<L ¿$ irie lcti',:'tl;:r i.ri ti:,*: pir.i:lrÌ:ine

of e jr:i ':ia T.]..t'l',r'.:'. t-ii:iO' ÍrOr: r:ire Jl-i,r.St æxciteO 1e.¡el, nf r:j,rl{ref ,¡IrlC

rJ' ;i1-].:i- - ii r+r' iii ,: s',r¡èåfåe ficliv1¡;o fr¡r ti:i-s ¡'.:oc.r.e oÍ rlecre:.- na.,. be

ea,r r,iilf;çil - T!;i.: r:i:r:t,*iile eo::¡åi-r:g I'i:tr::rCrfçr e gerÌx¿t rü¡i of eticr.r::, iÌ,

frlc;i ;i rúr.1:r:t:Ê *f :i'--,1-r; ,. t--,. s-t:r-:;Lfiç acÈivj-t,:¡ s l,ia;r ì:o er¡:,r,c;e$ed asr

*=;ü,'re¡ei¡llü,'i ' -*-*-{lr"Ij
,"T!.|r,,2:l,i r:.¡. = T.'ft* rT';,:ç';g3- ijcir.te|*'::l *fÍ:iej.e::*,... :îaF li* ¡ 'úigt is, r;he

ú

¡.:1',liiai;ii,,i't¡ 'l:hiii ¡i ^ê.1'- e ïï-r 1¡f i.:i, i t.*' ,..y ,.ri,L, ui:d;If;ei

¿:rr¡ l¿-'ï.i_.r.I r:il' i.rritt?l:,.?._:'i;i-oil ",,¡$.ti: ti:e rr-::,,.1.i,a1_



1i = 
.,:..r: ,.'tJ.;lt t.,i:: t.'i.;:j "Õi;': :r,{::{:.::t.:-:1,.'i 'i .,,:. ffÉ::l Se].1'* li-;$¡::'tt:ï r:ill il:

r,^yttj. :;,1:*ril:ntl.*y, i-t"i !,1:í:::'t,iii:i.vi¿il- in'*e::rrr:ged ï*;lr'.tr:'r,

;.i:iil,hr:;:{li:s:.i,'.i.9grir:3.'l.i:..::rrf'"ii-,cijetec,i;e.r:"-

tiie,

ii:': S-;ûr.,ly{lÛ

il :* s ¡,',1 ¡, r r:. :':1 i- f, 11- *,1lU.;1¡¿¡ rln"! -A =- -SÊ*;:2

l"i:r:r
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åi:s* "'ri,-|*l i.r¡ íi'e pì;si:å* cg::l;ail:e:r' ,?rd i;lin J-å,",:,ï cf ¡rj.:' ii-,tc::;,clc':t-

i:;a:t"\TÐr,,,1r, 'l.lis {jL1i,:rr)s ¡:jd- ci".,-'s¡riilr hag, 
.bggn nêglêefed.,

Ti:e il-'icknessr C, i*r ti;e lrr-: r'rÍleetor enri. "Li:r: dlirir:ii.;i:; c:rn

l,:e.ì:€ 'il:.i:i,ct: t* be fl,i';ri, :t,,/'t.îti? *.nC 0.2.? ffiltr.?r ïâsl-1{:cij'/:i:.'{:?}" Ta

*n'ì¿:-ll:-r'f.r û fe,:" 1L¡., s*ur':* ti¡t i;nt:i-L,tree of't'i:e r:1.::";ei lr.;:rj.'nr:+ o-f

i:?te':,7.i,i'_*ç *','::il1{ji}f'-'i_¡r'i:';l.l r"j.d-,.r¿1;,' },n:tl¡,t:ç:n i;he il:le:: ¿;.t.c-1. or,.;*i: c,:rr.f':r:ìíj

r:i 1,h* -sri1iï*t t'lss *e -1 ry';1n'r,cfl. i:vlil ii:i;j"c-c$. ii:ìo 'L,le s*'il,::çe uej-1,:i:t,, I'r:1

a ¡:ølLc.-:1¡,+-,*(, a:r¡a ;i ifl,i:, g::7, t'te r:*:z'*spcltìi::,5 t,i,i*l;l:,¡ç; is
,,l

7,i:5 g-u| *:,o" r 1'ì,.û ";alu* o1; ii" it:: ti:e;lh$l;:-illiflr I'ÍSJ,nltl -"1 r tnú'rhe

".-l {-'-Rlir.-rr:rlber, ie, a::s tlr*.Ìl reni.-i-1.,,r' c¿:.i*r;in'ueiÌ A:'*r¡: ç:*-::i;i.::r,ë lv,2

a::d å,1 ¡ í'*sr;{ì;ri:i.;Êlit- 'jal r'1ç3 icr '/( d nrC !t', -?"r"c e'¡t''*:l::-:¿li-ì't)Ìr.r t:lÌiîe ü1:

:r- t.i.i, -1,.r-1,'-r".d-::i''l;aLie:

T.T"lf-] ,' ,5

'ir?1u*g r:t'i A i.i ¿,.r:il å

" 
ì-1)

:",ù¡i',::.;' c¡)nej.ri. üliini-,

:i'ir,t' c]:, io..;: ?.f/

,,ii'i_.': ill, : Í¡t.:':.,. : t-.,i,';-',

al:li:':::-,1Í' tÍ

: ::.,.J-i-i- : ,1. c g; oT

';l = "'"1;.'l] 
l,'ç i: ît;.ir:'ì r i-r'j:. i-ür.

'l't'. çl '.: n.'t.',t c
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'sl i.],ilt.:1 '.'.'îax )r.r:Ð i+f;tr:rråi:iirn is ioÌ'ii:+ gelerai- case i¡ner* bi:c ar¡-r;-îe

t! ç.,¡¡;i,,,gj'jÇ¡.j itÉ_'ertl r:ot he :-:r.;rt.,ii!., ,'}:d'nn¡,i th+::efor*, ho ic: fl+t:rst1r-"-*Éttiïes

il:: ''i:i,ç tti:i:;' l.::.ilrl , il-:t a,¡:;l.r-lÕ cr' Û"i? r1eíer:':inerì ft't r-,rr'T'..-rå €t.rfjr'çi113Ê

¡n.¡ b* s{rrí;¡iÌhii'it t,i.ro or;.li:':is'Llr" å ".lear, of the ti¡o.,"rr.--:;€'s 1J:ì.5^Lal:c:n ag

'1."-e riù.:,--,:tti +f A, '!ï*.tr:.f çl:t, þ"=Ü,i] ¡ -
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T-r-',rr* 1Ìf; r'al-.:;cs a::c ,sj;j-l-l- Iti,5 :ì:1d 2) "i* r"cs¡ectir¡el rr, ti:us i::r''i- ceLir:g,

i:i:aT i;irr; iale:;olig ciaslifica'L-j-*.¡: is rot *-[.tcrc,C, Ti i.s notei.:crtirl tjl¡:t

ii1 '1ri cr.r r¡t t,:e f z.ct, tr\nt ¡;i:c transition cltcrF.r of 2û0 ke¡' l-ietveel tl-ie

I ir 'i fn ,"J,90.î:^olnd- l'|,:.it+ of îa-- a::c +"f,a fi¡gi; cxclterl l5r.r1;--';r of iJ*"" i:,rl -:r

ri'e '.r'r s;l: -;s nJ.:'r.-=t l,l'c nån5¡r:i, r:cssJ-;1er t,hc eo:res,:crrli:,i: 1u;:. ^ ft-l-tJ

-,"::i::e,s ara li:ele,îa:re n irr:'-ni-ntll, .f'L t,herefôl:Ê iie,:ri; aJ¡:ost ccr"tain
ì _^

'f h¡l'i t,he srj.n *f the igm:ncl sta{,e of Ta''t" ' is g;'eai; *:r than /, ag

prr:Jliâsüi n'r, iltr: hrsis cf assrìng tì:e neutron-Þîoic,n ccn.flå-.:rati¡nn

fi,r ;,1:c '--1,cuiii s't,:l{;e *î Ta180 to be {!r, /"sT,, t"} , lt lrcntcr s'rjn lor
t,! 4 :-l .,

'i qñ
j;he,lr:c"q,¡.nd strte of Ta-'* is obiained j-f the ¡r'oton-neutroTj rünfir?.r*

rgtirnr' j:lre ag.slì.':e r'l to be (h"l t /-,oi, - /n) . Tlie fcrbidCenness cf the
. 

J.-L! ¡* :;/ r
1nô,

tz'illsij-:{.¡:T: f::c:n tl:e isi":,:eric stat,e t,o ihelTor:ncl sl;.:te ':f Ta*"" ås

''rl;on ccl:'resr(?itdi,tt 1.' :i:: cr+asÊd 
"
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Dr, il":l, 1:r*hine'Lø fci hLs l"::terest and i.nvaluaì:-'l-e circ,c'',ion¡ to

D¡o, i{,i" P-o,-:l-st.¡:i f'or id".'l.ce ir el-ectronic pr+bler:s; lo Dr"" i{, Blond.a}

of ihe i.hlÍsai å:-Li-eie, fo:' sr.:p::l--,ring the iociine i3t¡ to Dr" G,ï,?, Lev¡ås

fnr tl:e ruJ:irlirm Lodfile thal-l-iur ,sc'i;ivaíed c:1..rsl{ì1; and io j-r.C,J,iËub!*

ap.¡l ì.1'. i-.ì, i{e';i;son for their. eoo:r¡::reticn i,-il the eonçtruciir:-a and

:rå:ilrt,ene,nee nf t;tie Ê,.-:riÍ-Õilerrt,

?!re tssistanee r;Í t.he liatior:al iese*reìr Cç'::ieiJ- r:f ta;rad-a j-n

iiie lorr of : rÍ- ri'it ls .rateff'll-v acl;-: orúed¡:cil .
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