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ABSTBACT

The angtrlar eorreLatlon of gamma rays from

ann3.hllatlng posltron-electron pal-rs Ln lLquld pentane and.

Ln sol1-d. and. 1Lqu1d. butane has been stud.led " The angular

oorrel-atLon d.ata have been converted. to momentum d.X.strlbutlons

of the annLhl-1aüLng paLrs, These momentum d.Istrlbutlons

are eompared wLth theoretLcal caleulattons,



CHAPTER I

INTRODUCTION

the posltron ¡uas fLrst d.etected. by And.erson Ln Lg32

although lt had. been pred.lcted by Dlrac fn 1930 fron hls

rel-atlvLstl-c wave equatlon" The posltron has ühe sane rest
mass as Ëhe electron and. has a charge *e where -e ls the

charge on an eLectronn .4,ñ el-ectron and a posltron can

annLhLlate wLÈh the enLeslon of ganma photons,

Yangl has shown by neans of eharge eonJugatlon

LnvarLence that a poeltron*elecûnon pal.r wtÈh antL-paraLlel-

spl-ns ( slng}eË state ) annLhLLates rsLth the enleslon of an

even number of photons whlle a posltron-eLectron patr ¡slth

paraIlel splns (trtptet etaÈe) annl-hLLates wLth the enlesLon

of an od.d nunber of phoüonsu One photon annlhllatlon can

only take pLace ln the presenee of an exËernaL fLeldu and has

an extrenely low eross sectlon even ln the flelds encountered

ln cond-ensed matter" Two photon annlhl.latlon le the nost

probabLe ar¡nLhllatLon processu three photon annLhLlatLons have

a eross secÈf.on snalLer by aboub t¡so orders of nagnltud.eo For

hlgher numbers of ganna rays the cross secÈlon dLnlnLehes

eorrespond lngLy"

When a posl.tron entere cond.ensed. natter ( llquld. or solld )

1ü may annlhllate d.lrectLy wlth an el-ectron or Lt nay capture

an electron to forn a bound. süate knorrn as pos!.tronlumu The
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pÕsitrcilLuú ms-;r "oe el-tl-¿er 3-t1 the e,t.rr61.e'c etste oi: i.n tÌ:e

trgplet Ë'f.aïc. Tþe i.1feij-ne of stn6l-e'i; poslii:oi'il-"ùn Ls

p'pp::t)iÍ-raa'beÏ-;r L0-,10 Êeeoi:lds ¿r:ici t¡e j-."Lfe[1ne of 'Ûri"p]"et

pÕsttrûnli-i-lr ïs epirrÕ]ïjlße'UeÏ-y 1C'*? second-su I¡r the tlme speetl:e.

of pÕËl-t-r:'cn ¿li:n'i-it.1L*j:1-*ns in ccitü-en-secl rnai:te:r Ð. Lhl,rd. llfetlne

o'f" appr."oxiriit-'i:+3.y 1.û*'9 seeoneLü 1.e cbse¿v'<;rl-. Thl¡s !s lnte:..p:reÍ;eC.

få.Ë bslüg d-r.ie 'bo p1*kslff fron t:he 'u11"pJ-;,:'b rc'þ¡lte b¡;' e"'Ðes:L+

ele*'0r"*vls i"..iliiiliJe spin ¿:''¿n'Ðes are eLrrgT.et rcJ-elt,4'tre 'bo rlne

pcß:L çtfún 
"

Tlte iiie*!-z.r;.tri** r:.i" pcisi'e :**i.i j,-r"t-i¡i flai:::l,*.J;:i,;n -1-n '-1Õ::(:.!-û:rLitle¿i

ma'í;'¿ei'." l,¡a.g '.í.1-:,te*; d-1¡j;cli:lç$rr,i- j::rr Qx*3" Lj-jr:;: ¿li.:ï'rg:'." cl:il::5'*it-

pA:l=tiel,e* o pCi+3-t:r'Or:* ic-rg* üi-1.g:t=,'{;;- I'lk¡.e,.i ,'-;;:liÉl$3-riTì¡'d ;¡h.fci:.i¡.fi:: i,ngi'i;i':el:"

m¡¡3,::L;T thX'çri¿jlr r;::iQ:i^'a:¿i.ilir-Oi: ,*f e.'þi:irif-t ¿:rtil :::c':-!.€rc:.¿"Legr,. .fi-å 'L:lie

B-rf,j:i.'b'j:+'r.r sJ-ç.ïryfJ i,ü'i.'J? ilÕ *nerg!,** +'f a fr''¿'s 'b¿:;i:s Û.1 *1".e *i:r'r":fi 'tri:itÊ,;

Fogi3,'¡üi:Õni',[l¡' Í'c:in n;i:;:t"Q:lt i:'ei:;r*r¡'1æs Pcggl b'lr: " Il:: c"¿'ci"er::" "[ei f *:"i¡

pçg:i:'h:i:+n1.un. 'bt¿e pc:s:i'b:':crr lärr.tìi; f,i:"e,-+ *,n r¡1"r*å'L.r.'Õr¿ fr-;-ci a mcii'et-'ul"r*

Of t5e sll-tr:t'q3i.:".ßii*Í^ng mai;*,e:i:* T1'lel"e:í'cre i{: *he f1::s'ç i'cnJ'u¿1,'¿3.å'l:'

pO'bcllti*i Of a mo]";:,:u.1,¿:,5-,S I t,ite p{JS.'ttl:ûn.i::rie{; iri;te *'i: }sgg.L?i:

-;,i

Éstt €t1,e3"g:y úf T * 6"Íì +'H Í?1 c:*c1c¡:*' ço f:re;e å.n. @l-en't"¡r;v¡-* 8n '¿ï:e

e'bÏte:l T:Ancl- t.f tlze ianel:-g;..;t ef 'err:re i:e,'Si'Þi:,rn -tS ,5rea'i;e:* i;i'i¿åìlx .[u

t1.l#n i,rç*:1,tr-*i¿ti:,::i fo-r:n*l;.{i*i? l}tt,r:;lr:ú:s rfe1"y:.¿n"13-trlel";'¡. Iil.eeüPriÏi:

yenrevai ¡;o 'blisr e.ënt-..t:tti.tti:¿, *.¡r*c,'Í-::l'i;ri.i 
-Ì]eE:ci:.¡r:¡i ):í1*i"e p:::c:li¡Ei:-i-e '¿h'en

tJ:¿Ér Í"o:¡:ilatl-c-r:. e f a d-:i.¿;r:::¿"r¡i:,+ ?:t;unå sÈÉ!bg o T'í$ïsll*ii(1-r': r¡ :tf

¡:O*5.'*.t:'¡:rrlluni io,gs ¡'ç¡:1t. 3-t þis,g .ii:1-l:it'.'çie ä;ijl.ttïßi'¡ 6::a*-'[:ef 'l:]i.an 6*F]

çieuî:.r¿:¡i;;. v'c¡i'bi:t æ.nd. åtr 1.'6 3-ix e:ili:oe+ci1":;:51;r lllie-l-¡1r 'uo' dlE'Ërle tei;r;*

-)(- b - B e V :T s l:.l;le b:î nd, i,:."ig; elloltg-ìl¡ o-î iro ¡: Ìt::c::i-i-linl .
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Ln subsequent collf.sLonsn therefore posltronlum formatlon Ls

a sLgnlflcanü process only Ln the energy range fron r - 6"8 ev

to Io Thls renge ls larown es the Ore Gap.

rf a poeltron-elecËron palr at rest annlhllates by two

photon enrsslon, ln order to conserve Eomentum the two photons

are enlÈted at an angLe of 1800 to eaoh other, and. Ln ord.er to
conserve en€rgy each phoüon has an energlr ncz ¡shere n Le the
rest lnass of en eLectron" rf the poeltron-eLectron palr !.s

noË at rest then the angle beËween the photons wLlL d.Lffer fron
18oo and. the energy of Ëhe photons vulr.r. dLffer from mcZ"

Assunlng Ëhe monentun of the paLr to be enaLl conpared. to meu

the d.eparture from co-l-lneartty wllL be proportlonal Èo the
component of momentu¡n of the paLr parallel to the bLsector of
the angle bet¡seen Ëhe È¡co photonso Therefore, by neasurlng the
anguLar d.Lstrlbutton of annlhtLaËlon photons, one nay d.etermlne

the momentun d.lstrlbuËLon of ann1hLl,at1ng poelÈron-electron

palrs n

rn the preeent experlment, Ëhe anguler dlstrLbuÈLon of
annLhLLaËlon photons Ls meaeured. Ln one prane by neanrs of a

long sllË apparatus" A schematLc dtagrsm of thls apparatus j.s

shown 3.n Frgure xu Through certaln nathenatLcaL sbeps to be

ðåserLbed. Latero the momentun d.i.sërj.butLon of She posLtron-

electron palrs can be d.eternlned fron Ëhe anguLar dlstrtbutLon"
The orLglnaL measurements of the anguLar eorrelatton of

ar¡n1hLLat1on photons were mad.e by Berf.nger and. I{ontgonery3 ln
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Lgt+z.Slncethenextenslveworkhasbeend'onebydeBenedettl.
et al,4 *ð by Stewart 5o Dê Bened'ettl was the flrst fo

d.eeerlbe a metho¿ for obtaLnl-ng momentum d.lstrlbutLone from

the angul"ar d-l'strlbutlonsu D' Kerr6t? has slnce measureê

a¡rgplar dlstrlbuttons Ln organlc 11quLds, chuang8t9tl0 has

measured. angular d1etrlbutlons ln organlc 11quLd's ¡sLth betfer

staËLst1ceo Ee has also d.one theoretlcal' eal'eu1atL0ns and'

obtalned' good' agreement wlth experlnent'



CHAPTEts II

APPABATUS

A" $egbenleal

The angular correlatLon apparatus conslsted. of a

aource and. sanpLe housLng located. halfway between t¡co gannma

ray d.etectors, The sarnple houslng consLsted of an lnsulatlng
poÌystyrene box and two co1lLnatf.ng. s1Lts" The ganna d.eteetors

coneLsted. of Nar erystaLs ¡Ei.th colLlnatlng s}Lts, These

components were mounted on two paraLleL 3.nu by 6* aLumln1un

I*beans approxLnately 20 feet J.ong"

one deÈecÈor ¡sas fLxed and. the other movabl.eu The

flxed. d.etector and. lts colllnatlng sl-f.ts ürere nounted. on a brase
plate 265 crno fro¡n the souroeu The novabl.e d.eËector vras

mounËed. on a eËeel pLate 265 cm, on the other sLd.e fron the

source " The süeel plate hraa moved. elong a set of rall"s by

means of a wortn Bcrelr d.rlven by a 600 ounce-Lnco ',SLo*SJnt'

motor"

The eoLLLnatLng s1Lts a8 the sanpl,e housS.ng Brere mad.e of
2" thLck lead., The w1dËh of the slLÈs srere "19 cm, and. 1."5 cm"

facS.ng tlre fl.xed and. novable d.etectors reapectLweLy" The

J.arger s1lt faelng the movable d.etector wâ.s necessêry Ln ord.er

that ganme rays fron the sanple coul-d reaoh the d.eteetor for a

whole range of posltlonsu

The coll,Lnattng s1Lts of the d.eËeetors were med.e fron Ju'
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thlck lead. blocks, Th1,s ¡cas suffleLent Ëo cut d.own the

lntenslty of the ,511 MeV and. t,27 MeV gannna rays to less tharr

.Zfi of the Lncld.ent va1ue, The wld.th of the colllnatlng s1,Lte

couLd. be changed by LnserËLng netal shLns of approprlate

thlchaess" Dmlng the presen9 experlnent the sllts were u15 cm"

¡sld.e c

An aLuul-nLum beam ¡saE used to keep Èhe collLnatlng sJ.lt

of Ëhe movable d.etecüor aLlgned Ëoward.s the sanple as the

d.eteetor moved. through dLfferent posltl.orrso

B" Electronle

The garnma d.etecÈors lqere IntegraJ. Aseenbly model-

t6mnr+/*x" The sclntlLlator ln eaeh assembly wes a l+*

dl.ameter, L* thLck NaI(TI) erystal, ThLs was nounted. on a

501.8 IfB photonultlpller, A posLtlve potent3.al of L050 volËs

was applleð to the phoüonuLtlpLlers by a Ïlanner Nl+01 hlgh

voltage supplyn Cathod.e foLlo¡sers ln the d.etector head.e were

used. to feed. negaÈlve pulses (approxlnateS.y L volt) to two

etmpLe trenslstorl.zed. anpllflers" The anpllflers Lnereased the

pulse heLght about fLve ttmes and. ehorËened. the puLse Length to

about one mlcroseeond."

From the anplf.fLers She puLses were sent Èo a palr of

slngJ.e ehenneL anralyzers" By meane of a TektronLx 5l+14

osc1lLoscope the sLngLe ehannel analyzers were set to eelee$

gamma raye beÈw'een ;I and. ,6 MeVu ThLe al.loned through the
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Doppler shlfteô "511 lrlev spectrun from the annlhllatlons but

bLocked. out the Lo¡s energy nolse and. the !'2? MeÍy-Îays fron

the source" ¡Ifhe fast rlsLngr nârrow puLsee fron the slngLe

channel analyzers Were sent to a slngLe co!.neLdence unLt'

To d.eterm!.ne Èhe resol,uÈL0n tLne of the colnc1dence

unLtu a rand.om source was provlded. for each counter. The

lndLvldual countLng raËes Nl a¡d N2u and the cha¡¡ce coLncLd'ence

raÈe coco ster€ measured'u Then the resolutlon tl'ne I was

caleulated. from the rel-atLon

@øeo = 2TN1NZ

Thls procedure was earrl-ed. out before the start of each Ï¡ürlø

The resol,utl0n tLme was found. to be bet*reen 100 and 200

rlanoseconds "

Thenunberofcof.neld'erlcegwagrecord.ed'byaTechnl.ce].

Measurement Corporatlon SG-34 scal-er' ÞJhen a eerta|n preÉcrlbed

number of eounts (usual'Ly l+00 or 1000) haê been aecr¡'muLated'

f-n the scalerø the movable d.etector ¡sae autonatt'eaLLy moveð to

1'ÈsnextpoEl'Èl.on"Thee]'eetronl'csused'toechl.evethl.e

automat|o movetent has been d'eeorLbed eLsewhere (Ref" 7)" The

seaLer stope countl-ng whlle the d'eteoÈor l-e beLng d'rLven to Lts

new posLtton and. esarte agaLn lshen the d'etector stope " At a

pred.etermlned. posLt3.on the d.LrectLon of notl'on of the ðeteeÈor

1e reversed. bY e mLero ew3'tch'

ASl.nplexEÍ-x001.nterve}Ëlmerwagused'torecorðthe

tlne spent et eaeh posltlon to aceunnLate the requlred' nunber
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of counte" ALr the electronl.cs ¡sas powered. by a sorenson

nod.el 2000 S A"Cn voltage regulator,

C. SanpLe gnd. Source:A{ran$enents

rhe sanple ceLl was oonsËructed of r/iz* alunlnun. A

wLnd.on of "001* alumlnun acroas one end. of the se}1 pernlÈËed.

posltrons üo enter the sample. rt was neceasery to have the
wl.ndosa thLs thlek Ln ord.er that the sample cel} ehould. be

capable of holdlng a vacuun better than l0-3 torr, The voLune

of the sanple eeLl was approxLnateLy ? nl,
Dur1ng the experlment u the sanple ceLr ¡cas positloned

so that onLy annLhllat1ons Ln a reglon Juet i.neld.e Ëhe ¡sLndo¡u

!{ere reeordedn Due to thLe and the faet that very few posltrons
penetrate through the sanple and. reach the ¡qaLle of the celLo
no correeûl0n wae need.ed. for annlhllatf.ons f.n the alumLnumu

The Butane used. ln the experS.ment was researoh grad.e

obtaLned. from Matheson of Canadau Llntted, WhLtbyu OntarLo"

Thls had. a purtty of 99,96 moL ft,
1o prevent contami.nagl.on of the sanple the Butane ï{&s

transferred. 8o Èhe sa"mpLe eeLlu by means of the system sho¡sn Ln

Ftgure 3" fhls apparatus used. hLgh v&cur.¡un stopcocks and.

ground. graee Jolnts seaLed. wLth h3.gh grade ApLezon grease" A

th3.n layer of vacuum punp oLL on ûhe nercury f.n the manoneter
prevented. evaporatl0n of mercury lnÈo the syetem"

To tra¡rsfer the BuËane, the systen wes pumped d orrn to



ËrrßBõæddv uöT4@TTEåË Tü

6 ææR$çd

?"tr 6' Ir



to
sonnple c e ll

pu mp oi$

from
*- butone cylinder

to
voct¡ ufrt

pufnp

cold
trop

I-0E rÍìEnometer

condensing
ce ll



L2

a pressure of lees then L0-3 torrn The Butane elas then

eond.eneed Lnto the cond.ens|ng cell whloh ltas cooled by 1LquLd

nl-trogen" The sanpLe ceLl was then cooLed' by llqul'd nltrogen

and the oondenglng cell was ellowed to &tarn to room tenperature

thereby causlng the Br¡ta¡re to tranefer fron the cond'enslng

cell to the senple ceLl-"

To remove ühe aLr d.lssolved. ln the Pentane Lt was

subJected. to the standard. freeze-thaw teehn|que" The seme

senple ce}l wae ueed., however lt scas dLseonneebed' fron the

dlstl,llat!,on apparatus o The Pentane was poured tnËo the

sa¡ple ceLl and. the ssJnpLe ee}} eormected Èo & v'acuum pulnp@

å,fÈer the sanpLe was d.egassed the eeLl wae elanped' off and

d.1-econnected. fron the vaeuum punp, The sampLe celL was then

placed. ln posLtlon ln the angular eorreLatf.on apparatus,

To keep ühe Butane at the correct tenperaÈure a cold

f!.nger arrangenent was utlLLzed.o A cross sect|on Ls shown ln

Flgure It" To nalntaLn the level of the 3.1quLd' n!'tnogen Ln fhe

d.ewar and ühus keep the tenperature lslthLn prescrlbed. lLnLts t

an eLeetronLcally conÈrolLed val,ve was egpLoyed" A cLrcuLt

dlagran a¡rd. d.eecr!.pÈLon of the operatLon of the cLrcuLt are

gl,ven ln Ref" 10, InsËead. of usLng an eLeeËrLe af.r pump as ln

the preced.lng referenee, the boLL-off from the J-Lqui-d nttrogen

ln the storege d.ewer Btas used. to force the 11quLd nLtrogen

through the tra¡refer tuben Wlth thLe &rrangenent Ûhe tranefer

t1ne was between J anð L0 rnlnuËes anê the tenperature varletl-on
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was about plus or mlnus J d.egrees. slnee the tenperature was

noÈ d.eened. to be crltleaL except very close to the ¡neltLng

polnt, thle was consldered. to be satLsfactory temperature

control"

To measure the temperature ln the sanple celL a copper-

constantan thernocouple ¡uag used " One Junetlon stes cemented' to

the sample cell ¡slth epoxy glueu The other Junctlon was

kept at QoC by Lnmerslon !n an loe and' water mLxture" The

potent|aL dLfferenoe bet¡seen thermocouple Junct|ons waa

measured by means of a potentlometer and the tenperature vras

d.etermlned rstth the a1-d' of s. ealLbratLon tabLe"

the sotlree of posLtrons used. Ln theee experLmenfs was

a Na22CL source purehased. from Nn V' PhlLlps*Duphar fsotopes

D1vLsLon" fhe source oonslsted. of tta2zCl deposlted' ln

concenürLc grooves nf.l-Led. i.n the end of a Perspex rod 19"1 IBEIo

ln d.l.aneter as shown Ln FlgUrê 5o The end- ¡sas then covered

¡uLth a round, nyLonfotl dlsk of thLclaness 2 m8" /em?" glhe

grooves tended to dlrect the bean of posltrons aLong the sxls

of the roð, The perspex roð was then coruleeted' to a luclte

rod of the same d.lemeÈer to allow nanLpuLatLon l-n the source

eastle" Orlg3.na1ly the souree was 20 n111Lcurles, however by

the tlme of these experlnents Lt vras about 7 ox I nLLlteürÍ'eso
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CEÁPTEE TTT

DATÂ AÇCUHUI¡1-TIOÌü ¡-i{D AÌ.i,4-LyS:ì-S

Tr¡ aeçunu"l-aüe d.atan 'bhe rererhiing nlc::ssr-ílt'*hes i:ieî:*

8et et eonvenS-eitü, po*;i'eJ-ons snd. the mcvairle de'be*to:r r,,ía.s set ¡:"íJ

@11.e af i;li.e iï1er,rs't¿i"tehree* ifhe mor"*bl-e clet.ee'¿*i" r.'¡¿rs ?hei¡. Eun

bsel,ç a.yrd fo:-th be'cvreeir f-Ì:e yeveysln€î _qiÍi.tehes i*king J¿6g

e.eiunÈs af; e*eh paln'un Thts ïi:ü.$ ee;nt;ilnlreet untl_j- a¡..rp:r"o::13_rre.t-,ei;r

nÛrÛ00 *oi::t''¿s h¿Lö beei: ,&()*'r-:¿¡i"c.l-.s-tr"ed. aü ee-eh ircl-nt.. fll-,i* -il*1i¡..ûs

'È,Eere u?ö-l uLJ-3l::aúle.nç apa,::ts

To tit'ue:r'p::et 'þi'rrl r:cu:lt rate e{{?r'l 'r.¡e fe;il"<-rn c'le 8,....,,:r.,.:.i,;l-ii

F--;¡ ¿.r-.* î: ...Eê,s* r'.i!rr jri.Lr-L r: ! .Í-¡(U¿'uì,åi$ L;"f ç¿:i i/il_J.,ÍJij f; fJJ¡ ¡:j i:{".1 '¡¡iÍ:f*ú-,/ ¡ ,.!.,Ít,iil,-1 
lS 

É, Ii j 
.i:,J

be 'ili-r.e C'enillüy tn ;¡,+ne¡i:,uitrn r*i:i:ic* oi' ti;:e e,n:ti"liij-1,¡;.i:-r¡"rlg j)rj;rj:,$,r

el1oç¡Ee a se þ, of G¿r::i:;e::ria¿r .íå.::*Ès r.ru*!t cï:-¡¡"'¿ tl:e :"'::.,*;:rs:ïß _L:_ei: a.l¿l:t.g.

the l-{-ne jr*3-n-'rrr"g 'bl:i* :í'1"xed. ce'i:eei;el:i: us} 'r:ire s*.up"ic *ei"Ì u t;ìr.e

g-axj"s J-i"e* al*ng '¿i';.e e:ìii-¿J ç'l tl-ts: cietc.Õ'i:$i" s1:3"'bu a.nd ti:e s*e:itis

f"æ 5:erpencll-*:-rl-e.-:: ts 'Lire x {å$d- y &x€,sn irleglect;i_n¡g the nur:i:i*r

e¡f æn::f.!:.ii-a'c-T"n,g pâj"T,r¡ ?:r*yf"ng å y'.*s6;*p.*ti.ç;i-]-.i; of:. inoi¡:¿¡i1l;ür+ .la_î:E:e

eneugh -i:irls.t 'î:;1"¿e ::esi-r.li;-i-vlg snl,,t;:i:. .fr";i'f.,r t,i¿r"el.Lc. si¡Trte;:ú: i[1- ûi.i:¿li.ï

let'ge:i: thEln i:.I'ra"h æui:È¿:¡:,t'i.eC. by uìre s-r._1_ b

eeij"rleicieir*,e ecr"lit'a j:&j;e l"s gj_rr,*::t'i:ir
7aè l€Pt

e{Þs:} * /,.1 ! p (nx,+ Þ;', þ,zi dp* c?irn
€{t}::CÐ

, theri the

tahere Fy "= iåo í! "u -ilo:::g ers Þr .ç{ür encT. "4. i-n #ûintl ac,nstanlb

dep*n"33"n9 û:f- C-e'bee'þcl: *{rnf!¡gil,'¡eLlci': ¿¿ü.0- eff j-c-:Le;:,e."f *

ff {;lze varla.h.Leæ of f li i;r--'jr.a'ülion e..le e}.-:e*tg*et *rs,
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u = ,ffi *rd + = ta^n-l (vo/vr)
lt ls assumed that p(Ë) ls i.sotroplcu then

c(pz ) = 2n* I*rrr, pù pdp

To evaluate thf.s lntegralu the substltutlon
pz=p2+pg,

ned.e" Then

c(pz) = zrr¡ fian, pdp
b'

Thls expreseLon l-s then d.f.fferentf.ated wlth
yleldtng

respeet to
Pzs

de(pz) - *m pz p(pz)
ùþz

ff foll.ows that

P(nr) = - do(pz)
dpz

Thte p(p") ls the d.enslty j.n momenËum space of
annlhlLatlng paf.rs havLng momentum of nagnlÈud.e pr"

No¡c s:.nca Þz = ncp

p{.nz)=- 1 ! ¿o(0ì

Z¡sr.àsz e do

=-B"t ac(Êl
0 de

where B le some posltLve constant"

fhe eree of s sphere tn momenBum spaee of radtus
4fip4" Íherefore N(pz), the number of annlhllaûlng pslrs
monentum of nagnltud.e p" Ls glven by

t{(pz) = -4znnZc?0 ae(O)
de

Lffi

Ps ls
havLng



18

In the foLLowLng secËlons the d.ata vri.L1 be presented. ln
the forn of N(p) or c(0). Slnoe the oonsÈant B Ls not hro¡rn

the tern ¿o(01 ls slnply nulttplled by a normalLzlng factor"_az:
In these expeflments the curves are normallzed to a peak of 10"

The ectual analysls of the date wae done by a eomputer
prograns The d.ata was accunuLated. ln the forn of the tlne
lntervals requlred to eccunulate 4OO oounËsn fhese tlnee !{ere

recorded by the sLmplex ET-100 tLmer and. then transferred. to
puneh cards" These eard.e together ¡qlth other pertlnent d.ata

were fed. f.nto the eonputern The program fLrst eorrected the
t3.nes for souree d.ecay and. calculated. the eount rate c(0, for
eaeh pof.nt. Next the program eaLcuLated. the d.erl_vatlve ag

each poLnt by means of a flve poLnt Least squares fi.t to a

parabora" For the 2nê and. n-2th polnte a three poLnÈ Leaet

squares ff.t to a paraboLa was ueed and. for the end. polnte a
sfralghË d.f.fference ureg used." The program then eeloulated. ld(p)

ancl p(n) and. the error tn N(p)" FlnaLly c(0)o the error Ln

e(0), e1(9), p(t), lg(p) a¡rd Èhe error Ln Àl(p) srere outputed. for
Ln tabular form" The e(A) and. N(p) curves are shosm

7-L2" The background. ¡sas d.etermLned. by countlng wlth
eeLl ln pLecen fhe resuL8lng dlsÈrLbutl_on was aLnost

a peak counttng rate of leee than L eount per mlnute"

colneld.ence rate was weLl Lees than X count per

eaeh poLnt

ln FLgures

no sanpLe

flet wlth

The chance

mlnute"

The d.lsÈrlbutlon rcas also measured ¡ui.Ëh the sanple ceLl
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ln placeu but no seu'rp.Le ln l;he eell-" Thl-s resr'lted Ln the'

lnvevted. parebol::. 'i;ype d.lsÈrr"butlon shoun j-n Flgure 6" ThLs

8.gree9 vei:y t+el--t i.¡lbh ot;Ïrer resuits for elunl-nium(Befe u 5u ll")"
Thl¡: f-¿s f"nterpre'ced e.s 'beLng e-nnlhl-iat,'lein i-ir tite l,¡j.r¿d-oiç ernd_

ç¡e"lls ,¡f the senpl.e eell-* Tltis dlsî;rtbu.-bJ-on eannot be Jurt
gtz'Ll'L;r¿:-*'Ðed f::orn ti:e experine¡r.tel {:urur}s $l::rç:e uhen ttre nample

le Ln i;ine çei"i 'r'eïy few posf-troirs penet:*a,ue fer enou.,qi,,r to
snr:5.hL"late J.n 'L;h.e ',¿¡elLs and. t',rh.en sanpT.es t?ere rulî r&Fe, r:í$i,$

üs,ken to .!-oolc at srTr p.rea l:el-:.i_irci tìte r^rl.rrd.oç¿*

A eCnpU.te::" p::*g::iirDl i:i7rj'g r¿Sed tO gUJ:i:y¿,*rr,:j:. cîlÍ.f.efer:.i;

pr*ile*ntæEr]"$ r:f bh"ls be.cicg.i:o"rii-rci fi:.r;n i:.lle e:rp{iï.:,_ïilsntaJ- $Llï"*fl€jG

¿ari.cl al-cllì:; ,i.^'l't c+ i^c,r rii -i 
ì'; X_¡:g d i g t::3. b-:_it::- 0::t' -3;1" :rel3Ì:;: cf *, C.'J- *;::,:;r j3.j

plr:ts'i;e:r'' r'h eil-rr na'* ruake a. ,*igil:iflr:r¿nb ehang* -'i-r:, '¿i:re

d. 5,-.ci tr :i l:il l; Í oyi p 
"
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CEAPTER IV

THEOBETIC.AL CALCULAÎIONS

The mornentun space wave

poslüron-electron Palr has the

alc ^
)((n) = (27ù-''" Je-

now N(p) 1s glven bY

27r d2
N(P) t t f,rrrF(P) x(P ) P2 srn @ do d+

ø2
?

= "rJøw(p) x(p) p2 slnB d9

As ¿escrlbeð by Chuang8t9t10, þrowl.ng the posl.tron

wave functton, one lsay use the hybrld' carbon orblÈa} wave

functlons together nlth the hyd.rogen I.s orbltal Ïrave functton

üo calcul-ate x(p) and. thence N(p) for the c-E and' c-c bonds

ln a slnpLe alkane.

Tt¡e posltron wave funcülon ts obüatned' by nunerlcally

so1,v1ng the Schröd.lnger equatlon ln a l{lgner-Se|tz cell' The

atomle potenülal used. for the hyd'rogen atom was ühe stand'ard'

analytlc potentla\L?. The ato¡otc potentlal for the carbon aton

raa the numerlcal- one deternlned. by Hernan and. Sk111nan13

through a sel-f-consletent fleld' method''

Eavlng d.eternlned. the momenturn dletrlbutlons for the

C-C and. C-E bondsr the momentum dlstrlbutlon for a glven alkane

functLon for an annlhllatlng

forn

li"f r|/- (r) V+ (r) d.r
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can be pred.lcted und.er certaln assurnptloflso

One assunes that only elecürons fron the C-H and C-C

bond.s annlhlLate lvlth the posltrons and. that annlhllatlon ls
equally probable for an electron from elther bond. one then

caLculatee a welghüed average of the t¡ro d.lstrlbutlons
welghtlng N(c-c) and. N(c-H) accord.lng to the relatlve nu¡ober

of erectrons ln each type of bond." For Butane and. pentane
¡

thls glves the fol-lowlng formulae"

N(butane) = 6/26 N(c-c) + 20/26 N(c-H)

N(pentane ) = B/32 N( c-c I i z4/12 N( c-H)

The theoretlcal mo¡nentum d.Lstrlbutl.ons are shovrn as

solld. curves ln Flgures 1O-ie.
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CEAPTEB V

CONCLUSIONS

the theoretlcal and. experlnental curves d.o not qulfe

colncldeo As can be seen the theoreüLca1 f1Ës need. furüher

¡sork. A posslble mod.lflcatlon would. be to lnclude the

contrlbutlon fron Èhe carbon Ls electrona. thls would. ralse

the hlgh monentum end of the curve and. resuLt ln betüer

agreement wlth the experlmental curvec

From a purely statlstlcal argument three tlnes as nuch

trlplet posltronlum should. be formed. as slnglet posltronluno

Therefore lf 12 ls the lntenslüy of plckoff annlhlLaülons from

ürlplet poslüronlum as d.eternlned by llfetlne neasure&.rrtsl5

then I¡ the lnüenslty of slnglet annLh11at1ons as d.eternlned.

from the noinentum dlstrlbutlons should. be equal to I2/3. The

followlng table shows these values.

Llqud. Pentane

So1ld. Butane

Llquld. Butane

The close agreement between I¡ and' T.Z/3 ls strong

evld.ence that the statlsü1cal d.letrlbutton of occupled. etates

le ln fact the dlstrlbutlon reallzed. experlmentally.

r¡ $l r.2/3 $)
910
4t+
66
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