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C ABSTRACT

. Phe belegamma angnlar correlatien was tnvestigated in
the isotopes Na24, Guw. Rulc,a, Ru]'o-s,.L Gdlil‘s,.,' I-r‘lg'a, and #ulga.
. leasurements were made at ten angles between 45° to 1&3“. ﬂn
departurs frow spherical symmetry waa found in any cass, wihhin
the' statiatieal error tstandard aaviatian 1% ur 3% in mnnt .'
cages}, - Tnmta and arguments are sat rortn tu astahliah that hna
"lacx pf norralatiﬂn exista in fact at the atum and prahmbly at |
the. nuulaus itsalr, Thm diacrepansy between the raau&ts of tnia
. axparimant and the predictions of the betla rmy tnanry 1a dia-

,ﬂuaaaﬂ
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. 1NTRODDCTION

the present Beta~ray theory in all ivs forms predicts a
aarrelatinn hetw&en the direction of amiaslon of a Leta ray and

thet of the gamm& ray foll@Wing th& paia traanitiﬂn Lo an excited

~atate, It was daaidaa to undertake an axparimentml 1nVEst1gatiun
‘af this angular ¢urralatiun. This experiment may be oxpsatadll

1o yimlﬂ 1nfnrmatian abnnt thu muitipﬂla porder of the gamma ray

and abuut the angulﬁr mamantum of Lhe amihtad bata rmy and the

J

| geuma fnvestigation difficult.

RRECI

nunlaar sping lnvelved, It givas, in additinn, intﬂrmatian con-
cnrntng the typa of interaction operating in haha ﬂeeay.
: $1m11ar axparlmant33’4 2D have been earried cut on ibe

angular aﬂrrelation batwaaﬂ two aaacada gamﬂa rays, in which naaa

~ the axparimantal rsaults agrae quantitativaly with the theoretical
| pradlatimns. The gammna-gemma aexperiment does not auffer from the

;‘naaqaéity of‘utiliainh‘tnin sources, ete., which makes the Lot~

lD, L. Falkeff, Fn. D, Thesis, University of Michigan

g, W, Yang, Pays. Rev. 74, asarcigaaj.

L. Brady and M., Iaeumch, Fhys. Rev. 72 B70 (194‘?)

+ L, Brady and X, meutaeh, Phys, Rev, 74 1541 (1943).,
¥, Deutseh and ¥, listzger, Fhys. Rav. 74, 154E_;1943);
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ARY OF THEORETIAL PREDICTIONS

The qu&litativé results of the theory regarding beta-

gamma angular correlation are aimply aummﬁrizad*l’g it tha rela.

t.i'm nw;ﬂbﬂr of bets-ganma colncidences as a function of ihe aﬂgle

& hetweesn the directlions of prapugatioﬂ of the beta and gamma ruys N
is axprasaed as & power aeriaa in eﬁﬁa, the theory atatea that |
‘ on1y avmn pnwsra of cos8® will appaur. ‘The nigheat paﬁwr of aaage
‘appaariﬂg is then the smallest of the thres. lnt&g&rﬂ daslgnating

(a} the degrse of forbiddenness of the beta decay, that 1s, o for
,p&rmlﬁtad, 1 for firat forbidden, elc,... (b) the spin of the in-
‘tarmaéiata‘ntata,.(aj and‘tha7sxpnn¢nt of 2 in tha‘multipvle erder

of tnelgamma ray. (If the épin of the 1ntarmadiag§ state is hﬁlf»
Ihtﬂgr;al ‘one is o take J-1/2 rather than J.) It. is to be noted
‘tnat the tnaury does not dlattnguish between a magnatic dipnl& or,.

in ganaral, multipulaa. As & ca&mvlary of the general statement, . >§
the sslaction rules for obtaining a‘spnaricnl anguler correlation

mey be ﬂtatad: ZrNtha beta transition is permitiad, or if the Ine
tarmadzape stata'haa apin 0 or 1/2, no angle.dependent torm will
appear 15 the correlation function, 8ince most beta trapaitions

witn wnich one ia concerned ara'prmbahly first forbidden, one 8x-

1Q1ya¢ba in the majority of cases to obtain a uurrmla%inn runmtinn

'f'ni‘ the form 1 + bwasaﬁ, where be may be identically 0, It should

‘1" ?"ﬂ.aa page ﬁ.‘
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 be mentioned that waakly allowed bata tranaitinnn may still show

a small eorrelation because of the non~pernitted matrix elements,
All eomputations for the corralatiun have bpaen made en
tha‘baaia of gere nuclear charge., Thé:effect of non-zero m haa

beal quputed in first approximatinn and found not to change tna

Livm resulte of the theory, nor to pruduce any 1&rga affect

o the magaihuda‘of the uprpa}ation.

Experimantal

Tha genaral faaturaﬂ of the. wmpnriman% anﬁ apparatus ara
as xullawmw one neadn a aource of ‘poincident betas and gammaa,

and twu datecbara‘muv&hlﬂ in angle with respect to each othar,

In genaral. apurious angular cmrr@latianu wast be avaided as rig= -

orously as poaaihla.' For this reason the keis counier is fixed

relative to ths aouraa, winile the gapma ¢ountar ney ratata aboat
the souree in a plane, thus taking advantaga of the ralativa}y
greatar peneirating power of the gambpsa rays to maintain all pos-
sible efifeclive symmeiry. 31nea\hat% rays are Basily‘ﬂcﬂttérad

it is nacésmary, too, 0 mse thin eources and te evacuate the path
batwesn source and weta counter in ordﬂr‘not to lome correlation

by‘scatt&ring'of the betas, Care muat be tﬁkan to avold the scat-

tering of slectrons Gr gamma rays from ons counter to the other

" as thias may 1n%rndu¢m an effect much larger than thad sought,

fne experimental setup is indieated in Figure 1. The
mnuruaa'are dapasiteﬂ ont organlc films a few mianqgrama/cmz tniok
and the tank is evacuated to less than 1 AW ﬁg o raduce the beta

goattering. The tank is -made of black fiber o mn thick’ to obtain

PE5
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a low 2 matariﬂl. Vasuum and light éealﬂ ars made hy‘tna Qﬁriaga‘,_‘ghﬁ
1nd1na$ad The tank was lined witn paper further 1o reducm the

| baax-aaattaring and to avoid poskible cﬁnhamlnatinn from broken
shurces, Tna cnnnactinn to the rubber tube laading to the vanuum
pump wag panked with glaaa wool anntained by aalderad piaraed
dxska, affectively ramnving the danger of breaking aauroes oh j 
letting air into the iank, The number of bata rays, originally

',nut ‘directed inte the betla counter, wnian are acattered ffﬂﬁ tha
.tank wall into tha beta aaantmr is detarminud by lnterpoaing ba*
‘ﬁwaan the source and tnm beta eountmr an obstacle naar tha
source, The ratia of tha rasuliing beta ﬂounting rase . tu that
witn hﬁa bat&a unblocked ia a maaaura of the loss of oorralatian
du&lﬁp acattiering, Thileaa_laaa than 5% for all‘suhﬂtanaea etnda
- ied, Qumh an affeg) inﬁﬁp&ﬂdant‘df tﬁa'aﬂg;u betwsan beta énd‘

: . Bammna cﬂuntana,aerwea‘ﬂnly to raduca the angla.dapandeht'tarm'ih
the ubaéfvaﬁysqrraiﬁtiqn funéiinn by 54. Thia oorrection hﬁa
beﬁn‘agpliéd. The wethod adopted Lo avoid the ddub;é detﬂutxdn
of gamia rays or alemtﬁaﬁﬁ is to make tha gamsa awhnter témall&
‘lnsensitive te electrons by surrounding it with 8 g/mn3 of 1dw ﬁ
ansurbar, while the bels counter is rﬁadared a paor.gammﬁ ray dew

tector by‘making it very thin, as disnuaaeﬂ'balﬂw."

Ratectors _
Brpeeifically, the gemma detector is &an &luminum foil-
backed, elear antoracsne erystal 1 em thick, mounted immediately
before ap RCA 5319 (C7132) phntomultipliar; yielding an efficisney

of 10 %0 15 per cent for ihe usual gamma rays. I% has been
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aatabliﬂhed that amunting affieienmy is within 104 af that COT .

p—

reapanding to the CDompton crose- -gestion @f ihe arysbal.‘ The beta

s TS

caunter conalsts ¢f & manmic of c¢lear anthraaene ﬂlaavlngﬁ about

50 mg/cm thick with aenaitivity 10@% for alactran&. but anlY

1/2% for most gamma rays,. thum raducina tna eaﬂbrlbntiﬂﬂ from

duubla*dateehed gamue rays to lesa than 1% of the real beta*gamma -
effect. The error dug Lo ﬁoubiemdetﬁntian arises from tha Camptun
- seattering of gamnas on detoction and is readily auen o be of |

0rdﬂrﬁ;§§_ where afficianaiea rerar to the bata uaunhnr* Tpa

fﬁﬂidﬂal“l%‘ﬂffﬂﬂt was aompensated Etagatnar thn 1% nf gamna~
- gamma ﬂﬂinﬁid&ﬂﬁﬂﬁ in gome ﬂaaau} hy blocking all betas at the
source and sabiractling the resaliing euin&idenma rate tram tnat
'with‘tne bat&m unﬁlnmxed Ra uualaar hramstrahlung‘gamma rays,
were dat&atad with the aaﬂﬂitivluy uaed. | ‘ | h
| Thﬁ maximum source strength is detarmxnad unly by the re-
'aalving tima uaed It ia rqund by expariunaa that a casual naim-
 31d¢nca rave induced by finite resolving time s inconvenient. it
higner than abuug 104 of the real cpineidancelrate. A nimpla a-

nalysia then yields ¥ = ﬁﬁkt " go that for the lowast easily atw

tainahle i {about § X 1&53 aac),‘tha source atrﬁnghﬂln must he

less thﬁnlloa disintegrations per second,-i.e., about é@mﬁt‘hﬁﬁ‘ §~
mlerocuries, independent of counter efficlency or solld aﬁgle.

It nob all the elecirons are aueamp&miad by coincidant gammaa, N
‘13 still the number of elaatron& per second, but th& coincidencs
eouﬂting rate is reducad by fhe branahing.

| The aninnmdanca connting rate is thgn the produdt of the

fractiunal ‘solid anglea of the two detectors, their efficlencies,
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and the ﬁgmber of disfntegrations per second,
The selid angle subteadsd by the deteclors at the sonrca
‘ia limited by the complexity of the anguler dependsnce investl- ;fk.
gated; for mem detactors of equal amlid angle, &and. for third #Mder )<jaf
“.‘carralatimna {co68), each aounter muat gubtend less than 0 12 o
steradian if a reduction of a faetor 2 in the meamureﬂ,v&lgﬁ of
Lhe uueffiaianm of the cost® term 1s desired, The aperiure of
the bata ray counier was determined in Lhrmﬁ ways i geamatrieally,
by mampariamn with a thin miaa windaw counter,’ and 1ntarmally hy \
t&a ratlniﬂkpbeta-gamm& ¢niﬂeidancas to goamme ray cuumts.  $&§3 X
aulid angl& aubtmndad by tne beta counter ie 0.07 ateradian, that
by the gamma uuuﬁber 0.13 aterﬂd&an, GFonlomb azattariﬂg in the
,aaurua broadens the aperture afﬁaativa for angunlar raaalutinn in
nnimaidanua anun&ing, bat this effect may be made small compared
ta the genmﬂtriﬂal aperture Gf the detectore. Thw soUrce hnick-
neaa hes beeh mhaaan in all cases ito broaden this &parture by 1395
thh 504 over thﬁ‘amtira beta spectrum, In arder ha achisve thia ‘
end, the sources are muuniwd on thin organie nilma‘lemm than 0,01 X
mg/cmﬂ.thicm,‘and the allowable weighi of activé deposit calcug '
“1atad from the permissible snall angle scattering, In Lhe case
af gnld-films. for insience, the scatiering was aumplaﬂaly nﬂgQ
ligible, as the meital deposit was less thaﬁ 0.002 mg/cmz'in
weight, The geametriaalgﬁ@ze of th; source (1.8 cm diameter)

iutrbduﬂwa only nu2gligible aperture and sscopnd order effects,
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Bources | _ B
| All mha amuruaa were made by pila irradi&biun nf the
natural faotope mixtureﬂ.w Im three eaaea wharn tha aquilibriﬂm .‘ o

apeairia &ativity in the nautrmn flmx availabla at tha aﬂga wr B

the pile la uutriciantly high o yialﬂ good atahiatiea& aﬁﬂmraay

Cin A reaaamahle mﬂaaurlng tima (fivo hours}, asome auurnaa wara N

‘1praparad hy irradimting the 1nautiva matarial dapnaitad ﬂn fulla

to the .

‘-.:{nald on alaminam rimga.‘ Tha fmila wara thnn hranafarrai

the auhatamaa ta hw &uﬁunitaﬁ. muld namraaa ﬂ GUE mg}l

,mp“ &m@stun wmco.hla.' m ma mm bf Irmﬂ (&M;

Kn tha nnuran nf thls invaahig@}iﬁm, u mathnﬂ waa davalu
"‘umﬂ w grapare madwmaly large sources nf tmifnm t,hmknaaa. o
'- ‘;‘.It ma ;‘mmd Mmt ma:m mwlin treatuent was mt. aurﬂm&amly gqmd.
”‘Af&hat the fﬂllnwing sahema waa maad: ahmnt one mg of ﬁut&rgﬂnt
g addaﬂ io aaah ml nf ualutinn to be depﬂaimaﬁ,_ A small ﬂrup
H 501 ml) waa than depasitad on the Iacquar film, rram B pipatta

“fand thm ;1§m wurmaﬂ naler an’ ineand&anent 1amp far a mamant ﬂﬂtil

87 an gr&twful 30 the ataff of the Argmm Haumml mnn- o
o ratnry rorlagair eauiara%ion in performing the irpadiation, - Tha
work un Hu - and Ru wdg ﬁuna ﬁ& tha Argonne Lﬂharatnwy.‘
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| | | oou |
| the drop had spreﬁﬁ unirﬂrmly‘tn.ﬂ.thin 1afeE af‘tﬁa ﬂﬂﬁirﬁﬁ:di+
ameter, | - | |
. B . Tha film and hnldﬂr were thﬁn tranﬁrarreﬁ to a ﬁﬁll j&r
'ﬂvaauatad by a maenanical pump and an. 1ﬂfra-red lamp rnauasaa an

thu ftlm thruugﬂ tna piﬁha gluan base plata. Thu aolunimn rmaazaa

!1ﬂ a mi”ﬂtﬂ “F 5O, trﬂﬂpinﬁ tha ﬁlaanlvad mat&ar sincn tha freamu'. g
‘1“3 lakes place over an 1mtﬂrv&l of ﬂhﬁut A tanth gf & Bﬂﬂﬁnd ,fv- ‘ uE
"Evnparaaiam of watar then takmw plama from th& fraaan amluhﬂan. i

Iﬂﬁ“mﬁy be. Prﬂﬂﬂrﬂﬁ 1n &atu wqy in twanhy‘m nnt«a avarai“***‘

#wmrx mm. thore can be no wmrmnmm in ma un# B

V,trnmmpha vall Jar 10 the pﬂmp, a fixad. gluaa uapillary aarviﬁg tn'}g
] »11aw

_nhmaaphariﬁ air ta uﬂtar after whe drylng is aomplnte.. It | il
"“fuunﬂ thﬂh ﬁyntnﬂtiu raain filmn ﬂ&c &0&} wara muﬂh lnas'dal~ﬂ' B
) _hmminally. althﬁuah not asg etrﬂng as Eapan mr nrlan.‘ aqua;

I:_rngiﬂ may ba avapnrataa o drffuna 1n vaaum nn tha LG 500 fjlma.

In ﬂll ﬂus&a, tn& anurn&a erm thin ﬂﬂd unirnrm eumugh hm‘

f‘maha 1‘ imﬂ“*“ibi“ to. %ﬁﬁFlhﬂﬁﬂ &HY lack of. mmrrﬂlation to axnam{ 7f L

i

aiva aaurna hhiﬁkaHﬁ_- Itummu raunﬂ naaaanary tn pragwrva mmst L L
praparud sourees. in a dmﬁﬁkéﬁbnr aince the daliﬁu&amance of the . ‘*ﬁfﬁ
'; nutxva malna 1u%rndaﬂﬁd pp#unirﬂrmity af dapaaiﬁ by candenaatinn;‘f‘ |
f;af mniature rram tna humx_fatmaaphaFE.‘ . ,' ‘ o |
\"‘ - ?ha par&i&u&ar ;matapaa studied were ahnnen tnr the rala_-
jfmlva aimpliniyy ur their dﬂﬂﬂy aehﬁmaa and thair annvaniant halfa‘

-}glive3.‘:‘

EladtruniM3

The elaatrxﬁal cxrmuita ara . aﬂnamatimad tn Flgmrﬂ 3 Cim

‘arder to nbtuln 1ﬂrga gamma ray mrfieienay. a aaintillatinn-
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aountar was used, and tm allew raaaanabla caunting rataa (EaO/minJ |
 fairly low Goinﬂidanﬁe tim&a wera neaaaaary.‘ It 1a aiways daairn
-ahla tﬂ reduace ﬁna rammlving time to a paint wnare tne uncerﬁainty
 in the raaalving +Lims may be nagiaateﬂ 1.@.. 80 that th@ aaaual
'rate ia less than avout 107 of the real rata,. Thia waa aahievaﬁ

i bh“ Pr*”“ﬂt case With & reselving tims of o. 04 mlﬂrﬂaaﬂandﬁ e

danarminad by ﬂ&p&raha gxcliation ar tha haﬁa and gamma ceuntifs

‘w“h' the betas and gamums of the astivity studied, The nammiﬂﬁn%
‘“”waa aanatruataﬂ rar nimpliaity ané prpveﬂ’*uffxa

. uaann§< Thia ah@rt raaolvxng time 1a aqhiavaﬂ with naﬂaﬁiva 1n-  f

;put pulnﬂa of ampliauﬂa 3 valtn, pnr&iqnlnrly awnfanient fap ap-=“ -

«xaratgwn &1rn¢$1y frmm &hn unwdu uf pha&amultipliar tubnn.p Hara “

Harutxna ransa (19@@ ra&h@r thﬂn 1280 vnlta) wath numa datrimant
"‘;ta ﬁlﬂﬁﬁlﬁtﬂwnuiau‘rﬂtia. Au pranmnt. linaﬂtypa umpiitiara with:‘

| hmndwidtnﬁ u@ ta 150 ur ﬁmﬂ ma/aaq are. availahlu nnd wlll e uaaﬂ

| in fnrthar axperimgmta. .

| o Tha ﬂﬂiﬂwidanaﬁ alrnuit raqulraa &haut 15 mm t ﬂﬁﬂ v.:” L‘

]Thaaa ahmrmmtariﬁhiea are ﬂﬁtainad nlmply by alamping the platas

ﬁ: a Rnani pﬂlr abovm thﬂ petential to which nna plutaa wnul& riaa

wara an& tube cab nrr H@nua, ‘with a 1ow 1m@nﬁaﬂﬂ& alanp (5-&%3%

‘iﬂ pnrallal), no palaa lﬁrger than 1 valﬁ is tranamittad ta the

sy

s
M

pulag\a%retaher‘&ﬂd,agalﬂr on driving one griﬂ‘n&gahlva. With

aven @wﬂlumiur@s&annd.ﬂﬂinﬁidant.pulsaai iﬁ‘ia‘#aadilyﬂaaen that

Tty =

Qositive‘wutput pulees of amplitude 10 Vqltaf&ré sbtained. The

St
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| | o -
;‘1nput pulae tarminating natwmrka ﬂarm ownsist ar anurtad dalay
W?lina uaad in a rathar 1naffieient mannmr. It was dnterminad tnut
 no real mainaxaanc@a were lost an& that a mean raaulwing tima at
';fQ 04 miarwaaaﬂnﬂa waa avaiiabla o

" "

By using only 10 wmlha un the anoda af tna phobﬂmulkipli-*l

'ara, tha spurtous multlpli&r pulaaa are P&dﬁﬂﬂd 1n ampli&ada rnr
| ,tha fallnwlng reaseuﬁﬁ ﬂinua hhﬂ&ﬂ nuiaﬂ pulaaa are anarp huratm f-'ﬁ

‘\fax alaatrnnu (aaanm 1@“9 aea) aﬁd are intagratad hy tnm anoda nirw‘.ff. '”‘

‘Qvnltaga ampxitudn. ay npurmting ab 1ow anaﬁa vnlt&g&, apamu aharga

;  ua&nra§1un iu reauh&ﬁ on tha nuiaa yuluea ﬂﬂﬂ mam on tha nignal, -f

3:“:‘1&9:@1'1.133 m& mtion E'}f thﬂ Phﬂtﬂtuhﬁw AT

‘ Thﬂ amhmﬂnla af muunuring ia as fﬂllawaz TWeﬂty anglas at
* }15 1ntarva1¢ are. usad in nrﬂar 10 have dats tor datarminxng aawnuf”
‘quml wwarriaiaata w# ﬂiffﬂfamt puw&ra of &, gamﬁa atngla-aﬂant'
l'¥"  wia L& ken at, aawn pu&nt to. datnrmine the aMadaw aff&nt of the anurne  .M,€f
- 'lhaldwr and the innruﬂae in ¢munt1ng raha due to aaattariug rram ff . 
 ‘tha bﬂtm wmnntar hauukng. 511 amimui&ana& counts aru ¢orraatua
thy di#iding by tha nurvaapanﬁtng gamma aiuglm naun%, $hun ﬂompanw L“ff‘
‘ \ant1mg rar aaurce aaaymatriea, ﬂuta»gumma @uinuidanaw enuntﬂ are‘ .
‘ ;han t&kan in ruhatinm rnr one minute at sach p@inm,.‘ hutnl of
H “Iiva mr aix minu&aa vaiﬂg apant mt aach peint in all., ?niﬂ mahnad
' ‘redamam tha affect of lﬂng time driftm and ﬂparadia diaturbanﬂaa.

At 1naat EQQ, and umually 1000, munntn are than at aach pniﬂt



A9.-19. 2087 13817 R L GARWIN + 918386834243 ‘ ~NOL 362 W15

o R A |
;ftna raaﬁlta being a»rraatad Lor docay “f the “““r““' “i“gla gumma
'"‘Vf”amunng and g&mmnngmmm& eoincidences ‘where mor'e than one &ﬂmm& r&F

'.  ka 1“7@1?ﬂﬁ‘ Te thasa data are. fittaé, by least ﬁqﬂﬁreﬂa ““‘V““

”w j“tiaal rwrm. Im amaaﬁ whara the affaam mpp&armd vary

i ”ﬂmﬂllﬁ amly thq awngﬂ turm was fittad.‘

Zhe atatiﬂtiaal arrqr nbt&imable in the ampl fuda or &

cos ﬁ %arm hy tha least aquﬁran praaana is léﬂ% of mhmt whiah cumla‘)ﬁ;“

"lha sat warﬁ tha aame umbar af aaﬁnta tmkau atggoﬂ and 156“ 1r hhe

Tn# Ewmaral &mpariman&al ramulhs mny ha aummariaad briafly.‘ -

quyxn uha savﬁn aasan atd AQamd daaanihﬂd in dahuil bﬁlﬂW, ma nnmla

'*vﬂ&adeQamt aarralammun hag heaﬂ ahaarved ﬁﬁhﬂide tha staﬁiatia&l
riarror, mnimh ia tor ﬁh& mamt part’ 18 or Eﬁ,; “, o
198 ¢ m 86 MEV, 2, ?d 1¢$lu£;m* 7.4 0.41 valv Nuyaarralu- L

““’xmqmd Lu wibhiﬂ 1ﬁm era tﬁﬂ ﬂp&n of. tha fimal ﬂ%aig“‘7: 
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| Lo
‘ (ﬁglga,'&n uvan—avan nunlauu) is aurely sarﬂ. Tha 0.41 MEY gamma :
| hiag & lifatime of 0.0E3 mlcraaeaandaa, whick prahahly impliaa"
‘slamtriﬁ antupale raalation. Such af aaaumption ia uansiatant
| aleo with the. maaaurad anvaraian ﬂﬁ&ffiaiﬂntﬁ.a The spin of the

intarmndiata ntat& is thua B 4s pointed out 1n tha intraduetinn.,‘

g-anly nthar tundamental way uf ubtmining apharimal ansular enr*"
:'ralatian is tg pnatulata an allowed hutn tranaitiun., The high ft |
‘¥ valnn fmr ha betia 1ouda Kanopinakilo te nlauuiry the batn aa B8~
e whiddﬂn, ulthﬁﬂﬁh
-a?fﬁllund, Qﬁithar uf thgaa¢_?

24 A8 xqrh&ddau naaianment Baama nnt axmﬁ’"7'“

5

“wmuld prndmwm a mnaamrahln aar--;' 
:rslatlnn on the basiu ﬂt the theﬂry . As an a:ampla. & firat for |
|  ”1ﬂd“n ‘rﬂﬂﬂlﬂiﬂ“ frﬂm ﬂPin 4 wwnld xinld b*Q.a un a nan#ralativmx
" ”Eiltiﬂ awular thnary, withaut Mnmlaar ahnrgm. The amntradiﬁtian |
“  hnra 1» nnt a8 Iﬁraﬁfﬂl as 1& might be haaauaa af thu 1mng ghmmn SR
"  *11f*t1m*. e Poxnh which will be diumaanad in a rurthar maatian.
l‘thuh th“ r*ﬂﬂlt ﬂﬂﬂl ﬁtﬁhiﬁtiﬁﬂl w&lght to the. avidanea hera auuaﬁg_
o mulnted Y o o - ‘ " o |
\l Q f§ 0,3 ﬂxv 5.&&. las,xg‘w 2.5; 1. 1. 1*3 M@V} %o carrala-
  3”%1¢& was mhaarvad tn witnin tha atatintiual ﬂrror ar k% Hara :

'”ﬂﬂnammﬁ unaular uarrﬂlatian muaaurnmanta of thn ¢aunaﬂe gamman

“T_‘gn apina 0,2,4 tn tha grnumd anﬂ ﬂxéttnd atataa of the KL B

Tha hish‘g_ valua fnr th& hatu 1aada to ika alamaifiaan‘
;Sﬁmiwn uﬁnarding Lo Kannpinuki'a mriturln as auaand ar paasihly

W J. M@mrntﬂnﬂ. Fh?a. Rav..?ﬁ 312 {1949). )
.'F"}’ L
;;.llav. Phya. Rev. ?ﬁ, 909 (1949) =

98, saxen and R,

IGE J, Kﬁﬂﬂﬂiﬂﬂkin R&V. mﬂd WE_ M. aﬁg (lﬁd‘g} .
nd M, Deutsch,. Phym Rev, 1. 1541 (1943) X

(q it porethedt
ﬁ.‘\ m»:it ‘f)
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'-k‘rirah tnrhxdden. Thia, Loo, ahauld thnn yiald a mnanurabla SOFm -1 
| ral&tian. 1n thin element and tha fallowing a &mnll mq&surad |
gnmmn-aamma ef feot was nubhraated. . ‘ o R - l L
_‘ﬂgﬂ_ ( 1.4 MEV, 14, 8 hr. log £t = 6.1; 1.4, 2.8 MEV}‘ Hﬂ é@fram” |
C 1ablnn was ﬂhasrvad ta wtth&m tha ntatiati@al error ot E% Hara '
“the aama gammangmmma aarrelatian nxpartmanta giVE mpsna 0, E 4 ”
for hha‘ﬂga¢
“.hata rey as zxraﬁ farbiddan. A unnaﬂ amrralatiun ahauld than ba.

nusleus and axaited states, Knnapinaki liata the

‘;npg&p#nﬂ, alﬁhuugh nuna HWA~appurcnt Fonr ntnsr ﬁaaas wara :

‘ ;ﬁa$n&iad, Iwr umiah ﬁha mpina;nra uncnrtain. In uli nmaen nﬁ uﬂ?~-"ﬁf5\“@

f_rﬁlat&aﬂ Wns raqnd | - . | |
F,f1“§ £ n.a ME¥(9&K3 lug £y & 6, 4, 0.8 MEv, lng ft = a 9 4adw

ﬂ,ﬁWQMEV} Hb enrrniattan largar than 24 was abunrvud.‘ Hara thu“

nr thﬂ hatn Fl&ﬁﬂﬂ it an rirnt rnrbidden ancardtng tm

'.fgxnnnpinnki'a uriharinn. wna apina are. nnxnmwn, bat 1b ahauld hu o
‘]amﬁhaﬂ&and that aaeﬁrains tﬂ thﬂ thgnry, apin 1}2 must be - anaumed o e

'jtor bhe intarmeaiata atata Lo ylald nu anrrnlatxun.'
\‘4195]

‘ “{ 1.4 ME?, ﬁ lmg_gk ®. 5.9; 0.7 MEBY) ﬂorralatiun |
1‘55 ;h_u 14, mngg ggt;_iyw nhunnntad the only axpﬂrtmantal dlrm"
‘Iienlty anqnuntarad. The first run made on Hulﬂﬁ showed a’ mg Gﬁ

‘f‘annga tarm enmmpan&ad by a nntlaaabla 54 dip tn coinaidanaa ratu

. hauwuan 15& amﬂ 1&6" Four . additimnal runn hava mnnfirmad neithar

"‘ar thﬂaa atraahn, yialdlng as tne awaraga of thesa last rour raons
=0, 25 23 for the anaaﬁ mmplituda. The Tirst appnrant correlae
tien nhamld pruhahly ba aasignad tm‘a malfunetinning of tha equip—‘,
‘ment ag all axgmrimants designed 16 confirm {3 have failed. I%

was auayact&d that & emall admixture of poaitron emitting impurity
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| 19 _
 5wou1d pruduca the offect observed, but & taut an uua‘ 1ndiwﬂtua
 thu Hffﬂﬁt of pasitrana iﬁ Lo 1nuruauea high anﬂ shnrp paak near
_gﬁ; This bata ray anaulﬁ alaa ha first rnrhiddmn aeamrding tu
'Konﬁpinaki. Thus Lo havu nu angla dﬂpandaat term ihe theory
forceas npin 1;2 on tnu 1ntarmad1ata state, .
'gﬂﬁ&i ( 0.6 HEV, log £t = 6.2, 1.1 MEV, log tt = 7.2, 2,343
ﬁ.ﬁ MEV) Gnrrelatiau less. than Eﬁ* Tha bata ray shauld he
.Lrirat tarhiddan from ite ”&nvalua. The 1ntermadiatu atata must -

'"_‘,ﬁh#mfnavn epin VE to uanﬁerm with the tnuury.ﬁ ~;mf f‘ R
' a“? ¢t Mxv. 70 b, 1ug,£§\m 7,95 7an i $ ,,mf‘“ﬁﬁvj”ggﬁr; o

o ralatian 1aam than . The nigh ft vmluﬁ luaﬂa te thu alasaiiiuu-

 .t1»n uf thﬂ bata ray a8 nanwnﬂ tﬂﬁ

{dﬂen. fnllawiﬂg Knmnginaki.;H
'l  nq ahﬂqnae of anrralatian tien 1mpliea spin O ih tha 1mtﬂrmuaiu‘
o ate. ata&a*"“ | " Ll o .‘H  
| in aﬁ atﬁampt %0 ularify tha aunt#adtntinn. the ﬁam&y
 f n¢namea &f rigure 4 wara pwatalatnd, bnaed naivaly uu the ranulta
et thla aqurimant.‘ lt was nmpqd thet thers wqulﬂ be nuttiuiant .
 ::r1g1a1ty 1n thn @xintimg npin data tﬁ bring & alnar dinurepmnny

| ha#wnun &ha dnmmnda ar the bata ray theory ﬂmd tha ranulta nr bhxn

“nx@ariﬂunt. xt was raand howav&r, that the spln asaiﬂBMﬁnha ard

‘ 1amr£&¢1nnb1y rlwxible 80 that no rual camtraaiaminn ean ba es&ah-
;ﬁfiishaﬁ im the casaa atu&iad, axcept for tha una innarant 1n the -
'-\ﬁaxpuriwautal rﬁsulta; that 1n s8ven eaaea af rurbiddan haua aaaay

 ,nﬂ wurralattnn was nhservaﬂ.lg In threa manaa anxficient data are .

'av&ilahlﬂ {Aulga

ﬁ“ 5”4y to prediect darinitaly the existence

‘ 1Ein aﬁditinn to the work rmpartad nar& on hha hata~gamma |
prnulnm, M. L. Wiedenbeok &nd X, Y. Ghu infgrm mg {1at§§53 t&gt
‘bey have found no aarrslatioﬂ o 3% in Gob 4
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The conclusion seens ineacﬁpabla that the lack of correla-
tion ia present already at the atom in yuestion, From the interw
actions of beta and gawiia rays with elecirons, it is known bLoat
the dirsections of propagation of the betas and gammas afe not #l=
tered by passage torough the electronic cnarge cloud, The only
ef facts which prevent our supposing the lack of correlation to
axist at the nucleus are concerned with the re-orientation of the
spin of the intermediate sitate, It is estimated from the usual
ggrpmagnatiﬂ ratios that a magnetic field at the nueleus of 20,000
ganas lasting for 0.C1 microsacond would induce sufficleni procesw
esion to diminish significantly tae correlatlion, agasuning tnat.
there is one frﬁm a bare nucleus., Since a magn@@ic field of this
value is produced by a Dohr magnston at D.E%ﬁ, it is not certain
that tne nuclear spin does not precess in the case of Aut98,

The gamua-gammna correlations, however, are not affeeoted
by magnetic fields of the order of 10,000 gausa.la If ons is to
postulate a disorienting effect on the nmuaclear spin of the'reurﬂ
rungenent of the alactronic‘charge cloud, one must postulate thal
this be so fast that it does not interfere with the second gauua
rey in a gaitoa-gaiiia exgeriment, Estimates of the rearrangenent
time than give apont 16738 gee. Enormous magnetic flelds are
neasded %o disturb the puclear spin in 80 sport a time, Coupllng
of the order evidenced in nyperfine structure tiius seems unable
to produce the observed lack of correlutlon,

If the lacxk of cnrrélation is, as seems provable, presont

at the nucleus, it seems necessary to look for a substantial and

13, -Brady .agd M, Deutsch, Phys. Rev, 74, 154} (1943),
( Qﬁﬁﬂﬁf
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not .obvious ravisioen of tne beta ray theory. The direction of
thig revision mignt be suci as to nake all observed bela Lrafnsgie-
tions *permitted," or it might remove the presently predicted cor-
relation batween the diraetianlnf emission of "forbidden” gletm

tronz and the spin of the residual nucleus,

Acknowledgments y
I should like to thank Professor E. Farmsi apnd Ur. C. N,

Yang for their vary helpful discussions of this problem,



