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b u m  of •  cooplas po tom tlil. bat at tbo praaoat

tlma aoeorato ^m i U U U v i roao lta  of U lo  e i le tU U M  aro 

mot avatltb lo  4uo to  tbo foot laapaU U M  wort l a v t l t a l ,  A 

tabular iw oary  of tbooa prodlet loo t la | iv ta  la  f t  f a r  a U 9 

a04 flaaroa IS ao4 IS fir*  oavlooo graphical a y l f t t a *

Tbo moa loom-toeloom oollla looa tbich roatrlbo to  

to  tbo radio Horn aro Mty of tbo p-a typo, ataoo tbo tooataa 

alactrodjrmamioo tb ooa tboro too bo mo olootrlo dipolo rad ta­

ttoo from p-p oo llla looa . Omo of tbo poaalbla rooo tta  of 

tb la  oiporiaoat ooold bo tbo toot of tbo parity  of tbo p-o 

or protom-ooalooo oo llla lao  p&c«»#o«

Om a lap la tbaorotleal froomda omo ooold ospoot 

that tbo port p-a oo llla lao  ptatoro oboold aot bo porfootly 

▼ •ltd for protom bambtrdlog amor g iao of 14# lo r  mmd loom,

alma# tbo do S ro f l l t  nvolooftb  o f a 140 to r pro tarn la  a boot
-19

I  a 10 aa» .0 oblob lo o llgb lly  loot tbaa tbo dloootor of

tbo ba* aoalooo. I t  too tbo tar«ot moot oorofally doolt v ia  

tm tb la  a tr ia a  ad aaporlmaata. S o toatr, la  alow of tbo foot 

that a t  tb la  tim m# laoprab ia ilto , proa loo mo4ol o f tbo

oooloao lo la  orlotamca, amo moat rooart to porbapo a r t ! -
»

f la ia l  aa4 ro a tr la ta d  mod#la oblab bora booa aaofal la  tb la  

bombar41aa aao rff raafo . Tbo aoclooo-aoalooa o o llla lo a  

plot ora baa booa obooi t#  ba frooooatly edagmata a t  box- 

bardlic aaorflaa of 90 lo t  tad groat o r. Tbo targot cocltoa, 

la  tba atop loot oaaa, lo  flooad aa a dagaaarata Pormi gaa 

Of amclooaa* Tbio la  a rough f i r a t  approximation from rOlob 

ama aaallp flmda a aoalaar M M itto  d ia tr lb a tla a . Tbio 

d la trlb a tlao  fa r  loo t  aaelol baa baoa fooad to  d lffo r

*
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• tg o lf lc a o t ly  froa tbo » ip o r t« ta t il d is tr ib u tio n  reaulto*

•Ad bone# canAot b t wood w ith  t t y  accuracy and w a iU lty  fo r  

tbo lowor I  ta r fa ta*

fo r  ouch lovor protoa beabardiag n t r f l a i ,  

vboro tbo protoa 4# Or o f 11 o wavoloafth lo  appreciably 

grootor thaa tha I I u h U t  o f tba a truck mteloua, la  goaoral 

reaction* a«o dooeribod through tbo aaapoatd analwar aodol*. 

Tht« earn bo ju a tlf io d  fro a  ootovtl potato o f flow . On tbo 

uawa-aaohaa lc tl p ic tu re , tbo boabardlag protoa "eaaaot 

diatlagwiab aap aaoioor atraotoro* aad tboraforo U toraoto 

w ith tbo owe I t  wo ao i  vbolo. Oa tbo aoro olatoicaL p ic tu re , 

tbo boabardlag protoa lo  tra w o lila f a t a iooor opood, apoada 

ooro tla o  la  tbo aaoioor rogloa, oof fora aoro ooilla loao 

boaaooo tbo to ta l p~a o o llla lo a  evoaa ooatloa warloa 

loworoolp aa tbo oaargp, a ad to  tbo oooloar ayataa hao a 

blob p robab ility  o f roadjaataaat to  a ooapouad oaoltor o ta to f 

a fto r  tbo protoa bao aadorgoao oaoafb ooUloloao i t  w i l l  aot 

baro oaoagb aaargp to  oooapo tbo aaaloar w a ll, oaf lo 

oaptarad, t t  vo ild  appoart t  boro lo ro , tha t a tboorotlaa l 

Oaoorlptloa of tbo brooM trablaaf la  tb la  ooorfp rorloa 

would bo d l f f to a l t ,  Sf tbo boabardlaf oaargp lo  lo t  oaoagb 

oo th a t oaiy tbo Coaioab f lu id  la to rao tloa  lo  proooat, tbo 

br oaoatrablaao oroaa oootloao aap bo prodiotod froa tbo 

aaalogoao olootroa oaao, w ith  propor  correction  fo r tbo aaoa 

dlfforoaia*

la  tba aaorgp ro t loo too blgb fo r ooapouad 

aaoioor cooaldoratloa aad too low fo r  para p-a o o llla loa  

a n ti polo (fo r oaaaplo about 10-00 bow boabardlag aaorgy fo r

- 0 -
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T

ta), «t«n tbo bottbardlng proton III I good probability of 

aacapa f n a  tba i t m l  m o U u , tba m t  ilroot tbooratical 

•pproicb lor tba prediction of tba b/eaastreblung ofloolo 

would bo M M l l m t l n  of piotoa eollleloae « 1 U  • iicUir 

potontlol villi fbo roll it daecrlbod la U m  of rool oa4 

Uigloarp partii alaoo tboro will bo aeoaedarp protoa 

aalealoa, Ouob aa approaob wae aadortakoa bf luriuooglu4,

Tbo general aotbodo uaod ta tbo nucUon-ouclnoa 

aolllaloa piatmr# vara propoaad by barber®, enlarged upon bp 

eertral aatbore®**, and aara aaad ta espials errors 1 nuclear 

phtnoeona", aaoaf tbaa tbo blab-energy opallatIan raaotloaoV 

Tboao aatbodo ooaalai al following tbo piUf al a aaabor of 

boobardiag aaoloaaa la tbo aaolaar region aa tboy aaffor 

aingio aad anitlplo ooUiolaaa with tba targot aaolooaa of 

warloao aoaaatai daa ta tba oloaaat of raadoaaoaa lewolwad, 

tba Paata Carla aatbad aaa bo wood, aad a raoaat attaapt baa 

baaa aaaaaaafal ta aa appllaatlaa ta (p9pa), (p,*p) aad 

tp»Sa) reaction*®.

*A fall dlacmaalaa with approprlata rafaraaaaa af tbla 

typo af problaa la praaaatad aa pagaa I09 ua, ate* af I. 

Capra "Pxpariaantal Unclear rhyeice", Yol* II.

ISi cot



Tba k H B  fr« «  pa th  o f  tba boobard lng nuclooa 

to  auc laa r a t l U r  l i  | i v t i  U>

th o rn  sr is  tbo  iv « r ig «  t o ta l  

c ro .»  • •C tto n ”  f o r  tb o  nuclooa- 

ouc laoo  c o l l ia io n o  ta d  U

tbo  t o t a l  q u c I o o o  d o a a lty ,  

ao t b i t  fo r  100 bo? protona tb o  ooaa fro #  path la  ab ou t l,J> 

a 10 13 c a a .,  o r aooa iba t lo o t  than tbo  ra d lu a  o f  tb o  la 9 

oucU ca; fo r  140 b a r p ro toaa tb o  a a a i fra a  p a th  la  about 

equal to  tb o  l a 9 aocW ar ra d lu a .  Tbaao fa c to  a l lo w  a t r o a t  

a ia p i i f l c a t lo a  la  tbo  tb o o - o t lc a l  a p p l ic a t io n  to  tb o  0o* 

oucloue, fo r  tb o y  aboo th a t f o r  140 bar bcabard ing  p ro ton a  

o a ly  a lu f lo  a u c la a r  o o l l la lo a a  aood bo eoaa ldorod fo r  a» 

adaquato a p p ro x im a tio n , and tb o  bo a ta  C a rlo  o a t bod nay bo 

d laca rdod  la  t b l a  c a n t.  Vor la r g o r  n u c la i,  ouch aa Cu, 

n u l t lp lo  a u c la a r  o o l l la lo a a  a ro  a o ro  p ro h tb lo  tbaa  a la g la  

o o l l la lo a a  t aad a tb o o ra t lo a l § poe t run  p ra d lo t lo a  a u n t 

la te ly #  •  o o l l l a lo a  o a a p lln *  p rocooo , auob ao tb o  bo a t#

C a rlo  na thod .

tb o  oaoo fo r  la rg o r auo lo l la  fw rth a r o o a p Il­

ea tod by auoloar ovonto which ocapoto w ith  tbo ( p 9p> procoaa 

For oxaaplo, fo r  a nuclauo o f aaaa 64, Mtadowa9 baa thorn

a taluaa fo r  jP voro ohaooa fo r  tba boabardlag oaarglaa 

o f ln to ra o t by uolng tba o xp o rla o a ta l va lu ta  fro a  rofaraacaa 

16 and 14 o f Mo*down1*  papor.



th c o rttlc illjr  that tU  probability f«r tbo (p,ty) «v«al I t  

« « ^ « r tb l i  to tka ( | , | )  probability, f t i a i  l i  U  i f m o a a l  v i t l  

•ip» ria«o ta l ro a a lta , Tbo aaarclai la v tlv a t v i t l  U a oat* 

goiog aocioooa of tbaaa ooapalia# m a l l a a a  ir«  aoob U>« a 

• I f f t i f i n s t  C M triW tioa to too pbotoa a f t a tn a  toy bo aa» 

pw ta l*

Tboae eoaa iianU aaa  l ia o  tha t tbo 140 boo pratoa 

boabar&aaat off Bo* to  tbo looot ooapiao aaaa to tbooo otparft* 

ooato lo r •  tbaora tloo t aoolooa-aoolooo aaalyaia, Tbio eta# 

woo |U a «  dotallad coaaidoratioa a«4 lo to rp roU tloo , obi to  

•U  othor opootro woro troatod to  o ooro f a a l i ta t l ro  faaOioo.

Tbo aipariaaata  boro OaooriboO aloo oot i lo i t a  

to  or aoaouro tbo orooa ooatioa for tbo rooatloo paa-o 

ioalda tbo t a r f t t  b o o lo t .  A oiapio aoalyaio of tbio rooolioo 

obooo that for otatiooory targat aoatrcao and fitoO 4o too to r 

rocootry tbo roo o ltia f pbotaoo ora a oof loo t to a oarroo 

opootroi ragtoa, oboro tbo ooaa pbotoa aaorty io about oot- 

b o lt tbo proton baabardiaf oooroy ia  tbo laboratory ay a too. 

fa r  aov&at targat aoolaaoa tb ia narrow apaatra l rog&oa ia  

aoaowba t  broadoood. Iff tbo pbotoa flax  fra*  tb ia roaatiaa 

ia  ooaparabla ia  aagmitoda to tba braaaatrabiaog pbotoa 

f la a  ia  tba aaaa apaatra l roaioo, a "boa*" abaald ba aooa 

auporlnpoood aa tbo aora alov ly-rary iaf broaaatrablaag 

apootroa,

i «  r r p o r l n o n t a l  ToctmUoo

(1) Fnir tpootroaotrr ia Qanoral

Tba aaaoatia l priaoiploa and tocbaiqota of p a ir
10

•pootroaotry bar# boon boom and aaod fo r ooaa tla a  , and
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v i l l  cro to  only b riefly  rovlovod* A photon ot  onorgy 

uraalor th in  1.02 Uav, In paojln- through • nM alllo  lo l l  or 

"convertor** may undergo pair production• Tbo pooclttog 

olcetron-peoltron pa ir, la  • unlfo?o nagnotlo H old , nrocood 

vUb oppoiit# c trc u lir  orbit* to Aetectloa i r M l f ohor* 

cturned p a rtic le  detector* record the coincident passage 0f  

U# p a ir, (loo flgw e 9. fo r tbo oooo vbere tbo dotootoro 

i l l  convertor Ho ee tbo oooo e tro lfb t lloo perpeadicular to 

tk« t-rmy 4 ir« e tt .a , tfc. p t l r  >H«lroM t«r la  u > M  tM  110® 

l l H i  I X  •  oiapla OMlpoto i Im n  t i l t

/ a o n .  n r r r r
» « ^  1^,« .

I* M %  »,«* tfc..

* *

•Ml lo r •  t k i r i X  portlelo  la • m i m H o f i . U  

a a 9y»  I 00 tkat 

t  «

there f  1* tbo photon energy, fe lo tbo M footle 11 OX donnlty, 

o lo tbo oloctroole cborfo, c lo tbo velocity  of lig h t, i l l  

/3ujt /+h j  or# tbo ra d ii of ccrvotcro of tbo electron  tod 

pooltroo, respectively . Tbve for e flvoo magnetic f ie ld , 

tbo r - r t y  otorgy lo vnlfuely dote reined by tbo olootron- 

poaitron separation on tbo line* tbo pair epaotrcootor uaed 

lo th is  raoaarcb vao of tbo 110° typo.

( ! )  mm m  m  ot MB MMC m t  gpectronoter

The pair opootroootor via act up a t the 104" 

•ynchrocyclotron outside tbo concrete shielding, and vlovod 

Internal ta rg e ts  from about 45* through the ohloldlng holeo

m  oi
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and tiftk ports* (Sao flgurs 8).

Tbo primary couoldoratioo la tbs general design 

of tbs spoetroaetsr vai to alala ao tbo energy loss sad 

scattering of low  energy pslrs is passing Uroujh Its ooa« 

sartor Sv Uot eootftooosa T -ray spectra is tbo 10-180 bar

interval could bo deteetod sad saslysod without tbo lasortloo 

of aoworo corrections. tbo spootroaotor was dost goad, tboa, 

to aso relatively tbla converter!s o*g*# .003** tantalus

foil* Tantalus WSS cbOOOS bSOSUSS Of ill relatively high 8. 

A bifth 8 astorlal « •  Justified boost*# i

(s) tbo polr product loo (doolrobla prooooo) crooa 

soot too is proportftoaal to I1!/ i
m

(I) tbo Coaptoa of foot (aaOoolroblo prooooo)

•action is proportional to 8fj A  t

(o) tbo aoaa ooa t ter lag engls J 7  (undasirsblo 

procaaa) is proportional to I^»|

(d) (undesirable proooss) la propertloasl

to I °*#

(a) I g A (undesirable prooooo) la proportloaal 
m Ui/rad.

where t * sad A ars tbs target tllduiMt density, sad 

•toalo weight respectively.

Sines tbs jgj ^ sad rsdlstlos straggling 

sffsot wars sot serious for continuous spectra do torn Inst Ions 

with tantalus convertors of .003" (or tblnaor)* and tbs assn 

scattering angl# wsn of laportanoo la both borlnoatal and 

wartleal scattering, a blgb t astorlal was choooo. It was 

also found that Coapton eloctrona, under sods conditions of
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dttfcllofi) «»r# botbarcoae (i«ol4iatll«i blocking of faifar 

tuben) and it via ucoful to bava tholr relative effect nin- 

taftiwi#

Vith thin converters it vaa noceoaorp to svaouats 

tbo air ia and preceding tba converter rafiioa ia ardor to 

aliaiaata pair production la air aad tba reoulting dataotabia 

apactruo distortion. Tan gelgar tubaa oa etch aide, ajn»- 

aotriefllp plaoad with raapact to tba ooovsrtsrt dataotad tbo 

oiootroa palm. (ftao flgvrs 3)# tabaafsaot olaotroaioo 

anilp*ed tba apactruo.

(3) Physical Arrangooant ia Pstall

Tba pair aagmat aaa orifiMiir designed bp 

I.F. York aad Paul laraaadas for (anaral high energy pair 

spastrostopp at tba epachrocpolotron, Tba poia tipa foraod 

tba top aad bottoa af tba aaaioaad pair obaobar, aad tba 

aatira obaobar aaa reoarable, Tba tipa vara of l|" an gnat io 

atcol, vltb a 3)" aaparatioa. Tba ohaabar oidaa vara of 

otainlaaa ataai# and ail Joints vara aaidad raouuo tight, 

tharsvsr poaaibla tba obaobar vat lioad vitb aluninuo plats 

to redoes aoattarinf froo tba top, bet too, and oidos into tba 

faifar tubaa. (Geo flfura 4). Tba convartsra oars oooatad an 

vira fraasa which vara aootrollad froo tba oatoida bp oaaao 

of aprlngo, otrlaca, aad roda through Wilson noaln. Tba two 

vlndovo lo front of tba gaigar tubaa were corsrtd bp .007* 

alustnun folia, and vara tba boat coaproolas botwoon atrsngth 

for Maintaining vacuuo and ooall alaotron acattarlng angla 

into tba gaigar tubaa. A 6* long, 4” dlanater braaa plpa 

conplotcd tba vaouun spa too. An 18” coll lea tor vitb aldaa of 

br*«« and top «ud bottoa ot Mgn.tlc it..X « •  built Into tbis

184
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pipo i t  tbo ontrouco ond. lljavy aluloo Hacootfl end oUol 

yo!to around tho pipo provldod tho n^cccaary oagootic ft old 

insido tho co lllc a to r for clearing away pairs forced ta tho 

Old fo il (.007* Al«) and tho oollloatoTt

Tho various ts to m a l cyclotroa ta rg e ts  void 

■oustad in a ooppor olaup a t tha aad of •  th in  copper ta r  of 

•"  loafth which waa aatoadod rad ia lly  into tha oyalotroa tank 

and tho o a tlro  wait woo holtod to  tho wotor-oooiod ood of tho 

••hollow" probo. (too figure » ). Conotaetaa wlroo worn 

ooldorod to  both ood a of tho oopptr bar, aad tho m oulting 

thoroocouplo oilowod oeaauroooate of booo pooot dloalpatod to  

tho targot aad hoaoo o oalowlotloo of hooo owrroat eeooouary 

to  ohoolato erooa oootloa maouroooete*

(4 | Pair f ^ o t r o ^ to r  Coecrito >w Potnll 

(• )  Tho tfatrln Principle

Tho oloetroolc oopooto of th lo  pr loo Ip la had hooa 

dovolopod aoco d yoaro ago, ood woro loot Mod la  I ta  protont 

fora by Crandall aad ttoyor,** Sinca palro oay orlg laato  any- 

whom la  tho aatoadod eonvorter, and a l l  typoa of ooorgy 

sp littin g #  am  pooolblo, I t  oao bo oooa tha t palro  originatin ': 

from o p a r ticu la r photon m y ood up lo toy oao of 0 auabor of 

palm  of golgor tuboai l , t , f a particu la r pair of golgor twbon 

deteralaoo tho photon energy only by wlrtuo of tho dlotaaco 

botwooa thoo. in ferring  to  flguro 0, I t  lo apparont that I f  

golgor tuba outputs dotornino tho rows and coluano of tho 

rn tr lx  so indlcatod, tho llnoo porollo l to  tho v o rtlc s l diago­

nal aro aonoonorgotlo In nature (to  a resolution nw dotorulnod 

by golgor tubo width and BCgnotie fio ld ). rnch v e rtica l lino ,

I S  013
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then, rofore to i  particu lar r  -ray  eaergy v lttiU  rooo- 

IvUoa ^  , tad t b  r  -ray eaeralaa of the virKroc oo- 

lectdoiieea «aa bo neatly aorted by tbo electroalce of awob 

a a a tv l i i  leacefo rtb 9 tboao to r t  le a l  iiaoa w ill bo dealt*  

mated aa "energy cha an#la V  Tbo obaaaol oaoraioa aro uniquely 

doteruieed by tbo Magnolia H old f a t  a « l m  twbo tpealag*

., w  amtiL jBflittMm

Tbo offieloaey of oaob obaaaol la  recording tbo 

number of pbotoaa of appropriate eaergy wblob aro directed 

a t tbo coeverter dopoada oa a number of ooaaldarattoaa. To 

dor 1 t o  tbo valao o f tbo offloloacy of oaob obaaaol i t  i t  

aoofwl to traoo tbo owoata wbieb nay occur to  a auabor of 

pbotoaa of warlouo enorfloa wblob aro dl roc tod a t tbo con­

fe r  te r .

Tbo f l r o t  pboaoaoaon onccriatorod io tb i t  o f  poir 

product loa la  tba convert or. Tbo probability  of ooo of tboao 

pbotoaa producing a pair la  tbo converter dopoada oa tbo 

to ta l  pair production crooa aoctlon, wblob la a function of 

tbo tarco t S| aad tbo pbotoa energy. Do tbo a ad le i  t i e r  have 

tboaro tloally  derived tb la  oroaa aoctloa oa tba ba*«s of tba 

•ora approxlaatloa, oad a p a rticu la rly  useful fora of tbo 

croao aoctloa la given by toaol aad Groiocn.12 s i n c e  tbo 

condltlona for tbo v a lid ity  of tbo Bora approximation la  tba 

enargy raagea eoaaldorod bara la  th a t | J T  |  1 » i t  la

axpaotod that tbo Dotbo-Doltlor croao aootlon aay bo a poor 

approxlaatlon to r laoroaelng Z. Exporiuont13 abowo tha t tb lo  

lo ladtod tba caao, (fo r taataiwa tbo e rro r la of the ordor 

of 10b) and tba pair-production crooa aoctloa bora used

m  o i4
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coatalna t U  n l t i b l t  • u p ir lc a l  co rra c tlo a a . Tbo to ta l p a lr -  

p ro du c tto b p ro b a b ility  to  tk«  coavortar to  t lo o  

rbora  N, f t  to  tba auubar o f  auotet par a a lt  Braa, tad 

$ (W,i )  ta  tbo aorrootad t o t a l  p a lr-p ro Ju a tlo o  erooa aoatloo 

fo r  tba aaovartar a a to r ta l,  o f  atoota aunbar I  ao4 pbotaa o f 

•aorgy V.

fa r  a giraa aattlag  o f tba aagaatio f lo ld  o f tko 

pa ir apootraoatar, aalp tkoaa patra la  tko approprlata oaargp 

raaga bara •  abaaoo o f oatMtOoaaa dataatloa bp ooo o f tbo 

M  ebaaaota. Othor aaargp patra oap a p l l t  la  took a wap ea 

that aoo oeobar of tba p a ir aap paoa tbroogb a po lfo r tab# 

oa ooa aide or tbo otbar, bat tko atbar aoobor r i l l  f a l l  ta -  

atOo or oototdo tbo galgar tobo ragtaa aa tba appaalto aIda. 

Tbo producttoo of Cooptoa olaotroaa, (ab le t ta  aot la a lg a lf l­

ea at baloo SO Mar pbatooa) aad pbataaaelaar araata ta  tba 

aaaaortor da aat pradaea patra fo r aalaatdaat dataatioa.

Tba product tea of a lactrao-poaltrea patra bp tbo pbataaa ta  

tba f ta ld  a t tba atoota olaotroaa14 ta aaotbar a ftaa t ta  ba 

aaaaldaradi calcaUttoaa abor tka t fa r taataloa tba probo- 

• b t l l t p  ia  a f tba ardor o f I t  a f tba aaalaar aaalegoa, aad 

bate* tb ta  a ffa c t aaa ba aoglaatad.

Ooa or aora o f  tba fa llao iag  fao r araata aap aoo 

ooaw to  a p a ir a f appraprtata oaargy.

Ooa or bath aoabora af tba p a ir aap ba ra r t le a llp  

aeattarad in to  tba tap or battoo of tba p a ir chaabari aad ba 

loa t bp paoatratloa la ta  tba alaataua p la to . (Par alaataaa 

th lo  la  fa r  aora probabla thaa backacattarlag la ta  the 

gatgar tuba ra tio n ). Thlo v o rtic a l acattarlag  loaa r i l l  ba

1^4 015
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dealt with Pore fu lly  In la ter auction*,

0*0 or both nouboro of tho p tir  nay pnoo bo- 

tvoon tho cou n ties arena of neighboring COic«r tubon and aro 

lo st for d otoctloa . Thla "dond" area I* evaluated by coo- 

aotrlo conaidoratlooe and by a aluplo annlycia of the o ffo o t-  

loo rjolcor tub* areas which lavolvos the oylftndrleal fora of 

tho taboo•

Tho ooxt typo of ovont Involved tho character­

is t ic *  of tho d iv is io n  of availab le k inetic energy botween 

tho sosbora of a pair* 111 typos o f a p llt t ia c  aro poaalblo, 

aad a typical a p llt t la a  probability ourvo la shown In figure  

•« tho to ta l pair production crooa saotloa la  proportional 

IS tho aroa undor th la  ourvo. Only a cortala rartgo of 

sp lit t in g  can bo reeelvod for a particu lar channol) th is  

rasgs doponda only os tho cocnotry of tbo convortor and 

golfer  tub# arrannonont, and Is  indopandoat o f tbo sagnotlo  

f ie ld  so ttin g . I f  tho c p llt t in g  curvo van f i s t ,  thon i t  Is  

a lta r  that th is  geoaotrlc o fflc lo n cy  la  tho rot lot

actual rolrror tiifro oroa for thin chnnr^l 
iota 1 area in  tho dotoetor "pinue luonlTy a»allnblo for pair 

p artio lo  travoruul at th la onorgy

Booavofi alaco ths curvo Is  not f l a t ,  tho proolo# dotoral-

satlon  of tho o fflo lcn c lo a  Involved la  complicated and

Involved ooao todlou* nunerftcal work, la  tho appendix (1)

a f u l l  darlvatloa la  c l  von for tho chnnnol o fflc io tic lo o , and

approxloatione nro undo In ordor to  obtain olnplo, urnbio

rccu lto . Porlu.. i tin  nont a lg a lf le a n t approximation lo

conoldoring tba c p l l t t lu ^  curves oo f l o t .  In p rn c tlc o  the
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bo loh t of th is  l o r l i M t i l  U m  v i i  ohoooa to  c o m ip o a d  to  

*4 •  *9 *  .T on tb s  a c tu a l  curves* j tb t*  woo cone1dorod o 

Good averaging, and allow ed rap id  c a lc u la t io n  of tlio 

f lc le n c y .

Tho fourth possible event lo actual eolacldoaca

detection*

TUo abso lu te channel efficiency la thon approai- 

Bated by (pair production probability for a particu lar con­

v er te r and energy) X (frac tion  of pa lm  aurvlviag loan by 

v e r tic a l  sca ttering) X (frao tioa of ooiactdaaeoa surviving 

loaa bp paaaaga batm an to lfo r tubon) X (goose tr io  e ffic ien cy ), 

(c) C^lror Tub 1

Tbt gelgor taboo would bam  boon coat 1 dor ad 

Ideal I f  they a l l  bad tba nano aroa and counting effic iency , 

and i f  tho lr character la t i c t  renal and constant throughout 

aany aontha. Unfortuoatoly, aa ltbnr of tboao ooaditloaa 

ex is ted , and loan tin#  n i  spent la  overcoming tho re su l t la g  

d lf f lc a l t lo a .

I t  la  o laar tha t I f ,  aay, tba laaida gelgor tuba 

an ana aida bad, aay, SOI creator araa than a l l  tho o thar I t  

tuboo (vhich any aaro fo r tho aaho of arguaoat ho conaldorad 

an a "notched aatw of 19), thoa approprlata correct Iona aunt 

be inaartad la tho ehaaaol e ffic ien c ie s . iiaco thin laaida 

tuba doos not appoar l a  tba 11th channel, i t  aay ba called  

a "good" chahnol, and with roopact to  tb la  channel a correction 

of 30% aunt appoar In tho f i r s t  ehannol, 16% la  tba aocond 

channel, a te . I f  tho 30% changod a f to r  eoao aontha to , ray,  

40%, then Ideally thoso corroctlona auot a l l  ba changod,

in  oi7
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with rooulting nunorical tcd lua.

Uothodo and ideas voro f in a lly  evolved ao that 

nono o f thoao golgor tubo offlcloncy corrections vara nocoa- 

uory. To deal with tho problcao involved i t  u a  ©aoontial 

that a boon of partic les  ha fouui which van unifora ov«r a 

largo aroa in ordor to  tout tho counting effic iency  of tho 

tuboo. Such a boaa van fur n in hod by tho cosoio rayo, which 

have aa onorcy and aroal aproad quit# au ttab le  for touting tho 

tube*. Tho tuboo voro eventually tooted by being placed ia  

a horiaontai plane on a tab le  and allowed to  count during the 

night oo th a t the aooeleretor radiation background waa not 

present. Bach net of 10 tuboa vaa contained ia  i te  pair 

apectroaeter counting, and during auccooding nighta theae 

aountingo wore rotatod ia  various waye oo th a t variations 

(duo to  noarby otructureo) of the coealo-ray inteneity along 

the ear face of the table voold be coapeneatod for by aui tab le  

averaging. The electronic* involvod in recording the coealo- 

ray counts coniilntod of t/u  aveiiable pair apeotroaetar 

counting and raoording equlp&ont, and the re su lts  appeared 

on tho geiger roglotere, (See section (0 )) .

By aeane of ouch tooting i t  was possible to  find 

a se t o f tubes which had counting e ffic ien c ies  aatebed to  

within 0%, and which did not change la  counting character- 

la tlco  over tho many nights of tasting , Occasionally, of 

course• n tubo night rad ica lly  change cbnraoteriatlco  during 

an actual oyclotron run, and van replaced by a suitably touted 

spare.

The aaxlaua 9% e ffic ltncy  difference between

134 01
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tuboa cay bo cho./n to  proluoo no s ig n if ic a n t r e s u l t in g  

opoctrua d is to r t io n  I f  tho cpoctra  i r o  vlorod w ith su ita b le  

aagaotlc f ie ld  c o ttln - ;;  la  tho o poet r o i s te r .  That lo ,  i f  tUo 

onorex rongoo corresponding to  th e  d lffc ro n t canno tIc  f ie ld  

*ottin:,3  overlap  ono onotUor fo r  a givon o p o c tre i, tbon tho 

golgor tubo o ffle lo u ey  orroro  toad  to  bo n ln lu lac d , s in c e  a 

p a r tic u la r  ptiotoa ©uorgy w ill ba aoooolatod v lth  d if fe re n t  

co lcor tube arrangcuonto for each i-acootlc f ie ld  s o t t in g .

(d) Vort lcnl  fVntlorlng

An appreciab le nuabor o f elao trona w i l l  not ro&ch 

tho goicor tuboa bocauao of v o r t ic a l  oca tto rin g  in to  tho polo 

t i p s ,  IT I t  can bo ohova th a t  a t  any v o r tic a l l in e  ( l .* » ,  

fo r  any clvoa o lo c tro a  path ra d iu s )  la  the gelcor tuba  r o d  on 

tbo  fra c tio n  of o loetroao  loo t f ro a  tho sono ltlvo  eognont of 

th la  lin o  by v o r t ic a l  o ca tto rin g  la  a constan t, I t  thoo 

follows th a t  tlioro I s  no re s u lt in g  opoctrua d is to r t io n .  la  

the appendix (2) I t  lo  provod th a t  c e r ta in ly  a t  lo a o t to  • 

f l r o t  approxim ation th lo  la  tru e ; and by uao of th in  con- 

vortoro  and proper matching of cp o c tra  froa  d lf fo ro n t aagnot 

f ie ld  eo ttloga  th lo  oocond order d is to r t io n  la  cade n o c llu ib le , 

Tho oooatsnt f ra c t io n a l  looo, hovovor, ia  not n e g lig ib le  and 

I s  dotoralnod bo th  tb o o ro tlc a lly  and o o p ir lc a lly .

(o) P o rln o n tn l fcn tto rln g

Tho focucnlng p ropo rtion  of 100° c i r c u la r  orbit*i 

aro  soil-know n9 so  th a t h o rizo n ta l o ca tto rin g  ro criltn  in  no 

opoctrua d lo to r t lo n , I f  tbo e c a t to r i r g  anglon aro  r r .a l l ,

Orblto wore o r.parinontally  in v e s tig a ted  by tho **wiro orbit** 

oothod, (Coe H o ld  c a lib ra tio n  c a c tlo n ) .

i ;-i run
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(5) Qooeral Dowcrlptlon of Elpctronlce

figure 7 outlines the |0Mrftl electronic 

arrangeaent. Back of the 90 golger tubea was followed by 

• puleo-foralng unit, designed by Charlee Waddell, which 

traneforoed tho rising portion of • go Igor pulne into 0 one 

nieroeecond square pulse* Tho bias on oacb of tha 20 

thyrotrons woo controlled by BOOM of 0 potontloweter, and 

allowed tho firing woltagee to bo lined up with a puloer. U  

tbio way all thyratroao fired at tho aaoo point on tho rioo 

of the gal gar tube pulaee and would not dintort auccecdiog 

coincidence characterlotIce. Tho thyratrona in general fired 

nt a ana 11 fraction of tho aaslouo goigor voltage, oo that 

tbo firing woitagon woro not critical ond electronic "Jitter" 

wan offoctiwoiy ellolanted.

X! tho geigor tub# event a occurred ao that only 

one tubo on aach aid# fired within a tfoo range of .1 nicro- 

oeconde, then tbio wao called a "true* f-ray coincidence 

and n gating pulee (froo tho lower half of tbo eleotroalea 

in figure 7) allowed the Modified gaiger pulaee to peee 

through the 96 channel gated aapllfler. twenty cbnnnele of 

the 96 channel naplifler were ueed| one channel for each 

geigor tube. Thee# aoplifiere nerved tbo purpoee of ampli­

fying the aodlfied gaiger pulaee into 30 ollliaacoad pulaea 

to gait the current regulreaent* of turning over the eubsc- 

quent channel regiatero. One bank of tan aoplifiere fed the 

rowo of the 10 x 10 aatrlx, the other bank fed the column. 

The natrlx proper coneleted of a equnre of 100 08J7*e. Along 

any row all auppreaaor grids were tlod together, along any

coluan all control grida were tied together, and along any

20
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diagonal a l l  platoe vara tiad  togethor. Tbt tuboa aoreally
•

oporatod a t eu to ff, and a coincidence aa aay rov and col turn 

would allow plata current to  floe la  the tuba altuatad  at 

the Junction of tho row and oeluan. The aftfaal was traaa- 

i l t t a d  along tba diagonal, aap liflod , and oparatad a obanaal 

re r ie te r  vblab rafanrad to  t k l l  particu lar diagonal. Tba 

gaigar rag la ta ra  lodleatad which particu lar too gaigar tubes 

bad f ire d , and primarily served aa aoaltora allowing rapid 

spotting of any loaf fact Ira  gaigar tuba;

I f  two daparata aolaaidaooaa vara allowed to 

a r r lra  a t  tba a a tr i i  aaparatad by, aay, aaa a l l l l aaaood, 

tbaa i t  aaa bo aaaa that aa e»ny aa tour rag la ta ra  aay tw o  

o w ,  giving two falaa couata. Tbit to r t  a t  Mixing la  a i ia i -  

aatad by tba  dead-ttun c irc u it ,  vblab only paaaad gat lag 

aignala to  tba 15 channel anpllflo ra  I f  tbay war# aaparatad 

by a t la aa t 15 B illiseconds.

Tba aoat e r l t l e a l  aaotlaa a t  tb a  alactroataa la  

a&taatad la  tba loaar h a lf a f  figure T. Tbla la  tba aaatioa 

la  ableb tba  aoloeldaaoa obaractaristlca  a t  tba gaigar palate 

ara taalyvad. I t  aaa ba aaaa that two cabins, labeled L gad 

I* faad tb la  loaar aaatioa. Each cabia o a rrlaa  a l l  eutpata 

from each bank of 10 gaigar tuboa, tba l a f t  bank and tba 

righ t bank. Tba tbyratroa outputs on each bank ware alxed 

by eeans o f cathodo follovara to  ylald tbaao added lo ft and 

right bank "oincloo", The u a lt  labeled Ma a p llf ie ra  and anti 

circuit*9 oervod tvo purposes. Tba f lra t  waa to  aapllfy tboee 

addod puloofl oo that th o lr  holghta ara au itab la  for opnratlnft 

tin  cuV :orjnont ndjuntnblo gate-foraliiff u n ite . Tho ono n lrro -

cccond puleo Width traa um ltcm d. Tlio n c c o r J  p ^ rp '  9 %n»t* to

021
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dctcrn&no, by Beans of a gsroaniun diode system, if triple* 

coincident events wore preeont and to tranooit a pulse for 

any euoh event* Triple-coincident events were dofinod an 

evonts where three or wore gelgor tubes fired within *8 

aicroaooonds of each other, involving tooth banka of goigor 

tubes. For oxanplo, if two geiger tubes on the loft eide 

flrod in coincidence with one geiger tube on the right side, 

such evonts wore not pernltted to eater the matrix, toy the 

aotlon of the "anti" circuit. There were several reasons 

for noaltorlng sueb events* It was possible« toy nouns of 

euoh noaltorlng to investigate the klnenatloe of the pulse* 

producin'; partioles in the geiger tube region, so that geiger* 

to*gelger scattering, and other euoh evento, could bo sxpooed 

if they took place. Also, the frequency of thoee events with 

the rlee and fall of tho cyclotron bean level gave lafer* 

nation nbout accidentals from Compton and pair nlaotrona fron 

the converter end tho genoral radiation background.

The left bank, right hank, and aati*pulaea wore 

then lined up vlth reapoot to one another and the arrival 

tine of the modified geiger signals through the delay lines 

into the 39 channel amplifier by naans of the three adjustable 

gnte*fortiing unite preceding the 10 channel quod miser. (This 

mixer ie mlnply • multiples coincidence eyeten In which any 

coabinetlonn, up to quadruple coincidence, bay be eelected 

out of ton input ohanntle). The left bank addod pulooa wore 

also fed into an auxiliary adjustable gate-forming unit which 

dolnyed those pulses by 9 microseconds. Those delayed pulses, 

when mixed with the added right pulses, alloved monitoring of 

the purely accidental coincidence rate. The pulses fron all



fotr gato-fornlng units vers odjuotod In width so that the 

various coincidences, which vers deterained la the 10 channel 

quad nixor, were of .8 slcroeecoads resolvlnc tine.

The 10 channel quad sixer was adjusted so that 

it vis uood as a coincidence unit which deterained events as 

labeled on tho four subsequent scalers. Certain scalers were 

disabled with a 120 slcrooecond gate triggered by the cyclo­

tron r.f. pulse, and thus nonitorod only the "off-bets" counts. 

The gatod sealer vhlob recorded the tree coincidences of 

particles of a single pair, labeled L + 8 ~ 2, also sent out 

the gating pulse, through the dead-tlae circuit aad a 

variable-delay, variable gate (T.D.f.C.) salt, to the 33 

channel anpllflore.

In cenoral, the eloctronlc arrangenont was 

deelgnod to nue as such available equipment as possible, 

hence was eoaovhat sore Involved than van really nocennary. 

Bovovor, it wae found that oatieiactory operation vne obtained 

If froquont, goneral teste vore undo with a pul ear substi­

tuting for tbo row gelgor pulses. Eventually s seal-out on* tie 

pulelng tester vee evolved which tested ell phseee of the 

electronics in tho order of 20 or 30 alnutee. The sonltorlng 

ccslers sod registers were so srrangod thst say bed electronic 

tuboe along the line could be dotectod vlthout having wanted 

ranch bean tine during on actual run.

(0) rvrnfttlc Tlold Calibrations

Tho nagnotlc field distribution and field 

strength no n function of nagnot curront vore calibrated by 

throe indopondont nothodn. It was of prlnary lnportanco

-23-
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tUat tbo properttoo of the fio ld  d is trib u tio n  bo ouch that 

a plot of alootron energy va. distance alone lino of centers 

of tbo golgor tubos yield a a tra lgh t lino  fo r an alootron 

lo&vlng tba convertor region. Xf no a tra lg h t lin a  roeultfl* 

then the n a tri*  principle la  not applloabla.

(a) F lo a tin g  Wire Technique

Far a ourreat-carrrl& g wire la  a aagaatlo f ie ld , 

where ao forces on the wire other thaa the aaparlaa force and 

tension are acting, i t  caa ha ahaaa tha t the wire w ill taka 

op an o rb it each that

i -  Y

but iIdo* (or i t  oUotrea 

E
'  •

i D d l f ^ . J  than

M  1
o

vboro T la tko toMloo 
I is  tko current,
> l l  tkO M gM tiO  l l U  

doaoltjr
f* le the radios of curvature.

where p la  the eoeeatui
a le the alectroalo  charge

where I  le  the to ta l  er h laa tie  
•nercyi

so tha t

Thus, by suspending a wire la  the aedlaa plana of the pair 

chaaber, varying the cu rren t, tension and e x it  angle free 

the converteri I t  wae possible tc  plot o rb i ts » check the 180° 

foousslng propartlesf and obtain a general p icture of the 

aagnetic f ie ld  properties,

(b) Proton Probe tteasureaents

The aocnotlc f ie ld  a t  various points la  tho

184 024



pair ehanber vaa aoaaurod with a proton opin-rtoonanco 

probe, and tha resulting aigaotlo field distribution allowed 

tho plotting; of orblta of tha pairs aa a function of 

cnrrant t hr ouch tho pair cagnst*

(o) Calibration vlth Knotm Y-rar Lino

tho w l H w w a 1® 17.0 tto? T f » r  lino Iron 

Bo®1 n o  eoaoratod bp 440 lot protons oa LI7 at tho Van da 

Craaf conoratcr, and tha pair speotroaotor oaa aovod to tho 

tarcot region la ordor to doteot thin lias. la splto of 

low countins ratoo, tha lino vaa suitably detected and 

analycod.

tha aprooMaat botvoon all thrao oallbratioao 

vai very good, and tho raaalta of tho float log-vlr# aoaauro* 

•onto aboard that tho aatrlx principle vaa applicable*

(T) IralootIon of tho Accidental Cpootrn
i

During bouo of tho raoa tho percentage of co- 

laoidoBcoo which voro accidental la origin vaa found to ho 

aa high aa 20%, . la ordar to dotaralna tho opporaat photon 

apoctra duo to thoaa accidental coincldoncoo, aa a function 

of targat notorial and aagnet current, tha SO tapll flora wera 

gatad vlth a vlda (about 100 alcrosacoado) "on-gato" dorlvod 

froa a fraqaoaey-aeaaltiva davlda aaapling tha cyolotroa R.F. 

and initiating tha gata at that fregaepey for tifcfaft tha haaa 

vlll oaorga froa tha cyclotron* Since only a email per- 

coatago of goiger counts had tholr origin ia T mr»y pairs, 

tho roglatara la thla caaa rapidly accuauluted tho acci­

dental opoctra. Thooo apaetra voro thoa proparly wub- 

tractod from tho apectra accumulated undor proper running



conditions*

Tbo accidentals bad tha ir origin la  Coaptoa 

•lsctrona froa tha converter (especially at lover signet 

curronto), the secondary products inside the chasour froa 

target neutrons, tflTgoneral radiation background, and froa 

fragsenta of two or sore independent pairs.

C. Evaluation of the Data

The spectra froa the different aagaotlc field 

settlngSf suitably corrected for accidentals, vers plotted 

independently of one another. (Bee figures I and 9). In 

plotting these spectre absolutely, too© oars was given to 

the one of the target thornocouple readings• In particular, 

i t  van necessary to  know hov such beat was being lost froa 

the target by radiation. Since c'SigScT?vRy in cftrboD *■ 

auch higher than In the netals, a large radiation loss 

relative to the aetata vaa to  be expected* The problsa vas 

solved by plotting thernal rise  and decay curves for 

different targets boabarded to various teapereturns. It 

was noticed that after a relatively lov bean vas turned off, 

the thermal decay curve vas an exponential froa a aetal 

target, Bavlationa froa the exponential vers found a t 

in itia lly  higher target temperatures, th is deviation being 

especially narked vith carbon. By solving for various 

constants in standard thermal exponential equations froa 

the decay and r is e  curves, i t  vas possible to evaluate 

roughly the rndistlon loss. This loss vas snail in netala, 

but of the order of 50% at times in carbon.

A core accurate nothod of doallng vith tho
£84
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radintton loao vno baood oa the coemption tb it , tho left- 

ban*: end rigbt-lanfc singlet rato vac directly proportional 

to the bean lovol up to tho point shore "blocking* boenne 

appreciable In tbo geigor tuboo, Thun, at lov bean lovois 

there tho radiation loan iron the target was not approel* 

nblo, the elusion rate could bo calibrated for absolute 

bean lovol fiw the thornocouple readings At higher bean 

lovola but atlil ehort of blocking conditions, the alnglee 

rate thon nerved as an adequate non it or for absolute bean 

lovolc.

Figurea 8 end 8 show that the varioua epectre 

overlap and natch quite nicely, filnce vide variation!) ef 

target tonporaturoe acre attained In gathering those epoctra, 

the nuitable Hatching indicataa that the themal radiatloa 

van adequately dealt vitb,

Tho orroro ehovn on the curvan ere the "proba­

ble err ora" frora otatlotics,

D. final roonltn
.

(1) Cinornl mrcur?nlon

Figuree 8, 9, 10 and 11 ehov the export cental 

roeulta. The points for the various ungnot cur rente wore 

plotted absolutely and iadopondontly, and the natlefactory 

continuity of the ronulting average curveo through theoe 

polntn lend confidoaeo to the general axporicentnl technique, 

oopociolly to tho thornocouple beta Monitoring.

It in noon that tho nusbor of points la con­

siderably lo:;n than tbo mubor of energy chnnnoln involved.

For onnnplo, In f if ;urn G thoro vould bo 57 pointo if every

(127
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©norny channel van d iro c tiy  p lo t te d .  Slue© the t o t a l  nuabor 

of counts accumulated by oaob channel was q u ito  can 11, 

(coaoro lly  lo o t than 100), and Rinco tho inheren t un certa in ­

ty  of tho r e s u l t in g  curva la  not a sono ttivo  fu n c tio n  of 

tko uannor In  vhieb tbo counting  ia fo ra a tio n  la  g rap h ica lly  

d is t r ib u te d , i t  vaa convenient to  s in g ly  coubino channels 

a r b i t r a r i ly  b efo re  p lo t t in g . Tbo energy u n co rtn ln ty  of 

each poin t on tb a  flguroo caa ba In fo r rod fro* tho h o rlx o a ta l 

©pacing of neighboring p o in ts . Thus, for ln a tan co f v k lla  i t  

appears In f ig u re  10 th a t a l l  curves cone togo thor above tha 

high end of tho  oaergy t a l a ,  th la  point o f v ic e  uay bo da- 

ce iv lag  i f  ono conoldoro tbo h o rleo n ta l probabls o rro r  of 

oach p o in t. Tbo Boat one aay eo fo ly  conclude l a  conoidor- 

a t lo a  of th e  u ta t lo t ic o  in  th la  caoo ia  th a t th a  curves 

probably f a l l  v i th la  a range of 2-4  cross a o c tio n a l u n its  a t ,  

nay, 50 Bov.

Data vaa not ahovn fo r  onergloe below about 16 

Bov, elnco i t  nppoarod th a t a d if fe re n t  aochanlma vaa ro -  

opoaatblo fo r  tbo  production o f tho  lover energy Y~r*y*« 

At seao p o in t botvoen 0 and 12 Bov the y ie ld  suddenly 

incron nod very g rea tly  v l th  decreasing  y -rn y  onorgy, and 

i t  was aouuuod th a t  nuclear e x c ita tio n  was re sp o n sib le  fo r  

th is  e ffec t*  raenuoe p relim inary  s tu d ies  in  t h i s  region 

ind icated  th a t  tho chnngo r;r*n q u ite  suddent i t  la  eugrostod 

th a t fu rth o r  o::porir:ontG ba dono to  chock ruch c h a ra c te r-  

irjticn  no th o  c tru c tu ro , c u to ff  p o in t, and of th in

rap id ly  p in in g  curvo.

134 028
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(2) Cc iparlnoa with Prof 1 quo Work

tfllson'a1 technique cor.sl*tod la brio* of 

ncanurlng tba alectroa pair aaargioo froo pair production 

la thick load converters by absorption la a carbon block, 

and *u>nco the uncertainties la 111 axparlantil tochatqua 

vara relatively largo* Tbua coaparlaoa of this work vlth 

•lollar targot a ad boaa eltuatlona la Viloaa'a work can at 

boat be aa ordor-of-sagaitudc coaparlaoa. Tha foliovlag 

•xperloental roaalta aay ba ooaparodi

(a) Oaaaral laactru* Shape

lla opaotra froo 143 lav protoaa aa N, C, aad 

Co it 90 kara roughly tba aaaa akapo aa tkaoa presented hero* 

with tha otttataadlag diffaraaca that hla 1-dapaadaat oorraa 

do aot dlvarga at lovor aaarglaa.

(b) Abaoluta Croaa Bastions

la calculating aa aboolota tatal croaa section, 

attention Bust ha given to tha angular distribution. Al­

though no daflalta data la aov available aa tha ylalda at 

o a
0 aad 190 la tha laboratory ayatoa, prelimnary experi- 

ooata at thaao aaglaa hava shown that tha •*, 90°, aad 180° 

ylalda probably da aot dlffar by ooro than a factor of three* 

Thio lnforaatlon, along with tha fact that 90° aalaa&oa la 

eharactarlatlo of a largo fraction of oolld angle, aad tha 

foot that dataotloa at 90° to tha baaa larolraa emission 

from a largo angular raaga of tha p-n oaatar-of-aaaa 

ayataaa (which no to at all aaglaa to tha baaa) juatlfloa 

multiplying tba 90° differential croaa section by 4 If to 

obtain tha total croaa section, la doing thin, then, tha
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total croaa acction for t b  production of ¥  -raye with 

croatcr than 20 Iter ooorgy with 140 Haw protons oa Ba la 

(1.3 db .5) s iO*2® co.2, which la la agreeeaat with 

Vllooa'e absolute croaa aaetloa

Tho relatively largo error of ±  .5 a 10“2> 

ca.2 la a result of tha counting atatlatlea, lack of praclaa 

knowledge of tha angular dletrlbutloa, and uncartaInty la 

ouch aoaauraaaata aa effective galgar tuba arete, wartlcal 

scattering looo, ate.

(c) Crona Suction Dopcrndonce upon Penn Energy for Ba

.

la tha present work, tha total croaa aaetloa 

for 9 -ray production above 20 Me? la nearly independent 

of beta energy, while la Vllaoa’e paper the plaid lacreaeeo 

with lacreaalng bean anorgy. Since hla eatlaate of bean 

currant waa baaed largely on Indirect deduction instead of 

direct eeaeureaoat, one aeeuaea hie err ore In tbeee de­

cut loon could have been large.
i

<d) Total Croaa Section Dependence on Target Material

Doth exporlneatal results are In general a free-

nent,

(a) Tronn format loo Calculation!

Calculations on tbe transformation for a

.------
v apoctrua from the cental-of-maaa to tbe iabora-

r0kv

tory ayatom with both atntionary and Fermi gaa target aucleone 

were dona for Vllaoa by J.B* French and P.B. Dnitch, and arm 

•how* graphically in bin paper* Theaa nay ba coaparod wltb 

their analogues in thin work; (nee the following aaetloa 3).

• 184 n.in
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A minor leal comparison ahoaa that while tha atationary 

nucleon curvoa agroo alaoat exactly, tha noving-nucloon 

curves disagree by about 35% la aoaa apoctral regions. la 

tha atatlonary-aucleoa eaaa thoy apparently ehoaa 5-10 bo? 

for tha energy picked up by tha boohardiag proton la tha 

nuclear roglon. la tha preeent work • Ha? vaa choaaa.

(Soo tha and of appendix 3C for a dlacuaaioa on thia energy 

gala). Tha 25% dleagreeoeat la a oat likely due to the choice 

of ooaontua distribution! tha fora of diaagraaaaat ia aveh 

that if both ealculatlona bad bean dona with the earn# ao- 

aontuu distribution, the agraoaaot would hare bean euch 

batter.

(9) Coaparlaop with Theoretical Predict!one

both the pradlctiona of tha phaoeaanologieal 

theory of Aabkln and Usrahak3' and tha nealar aaaoa (aoalar 

coupling) theory of Giaoa" giro epectra of ahlch the ceatar- 

of-uaea yield la for p-n collisions, abora I- la

tha seallabia aoargy la tha center-of-aaee eyatea.

Peeudoacalar aaaoa theory with paeudoacalar 

coupling (by Blaoa3) gives a apectrua, ahlch la

ruled out by tha experlaental raaulta of, any, figure 9. It 

can be ihowo through coaaidaratloa of nuclear aoaentua dletri- 

butloa and proper tra an format lone that tho cure# shape o f 

figure 9 cannot result froa additlona of lyV /f,-£y curae 

ahapea unless perhaps a greater nuabar of axtreaoly low- 

energy collialona are postulated. Thia extrone ■ultlple- 

colllaloa picture ia certainly an Inconceivable on# for Da9.

J 4 31
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l n  t h e  p b o n o a o n o l o g l c n l  t b o o r y ,  A o h b i n  a n d  

I J a r o h a U  u o o  t b o  q n a a t u a  e l e c t r o d y a a a l c a ,  w i t h  n o n - r e l a t i v l a t l o  

n u c i o o n  p o t  t e n  a n d  t b o  D o r n  a p p r o x i m a t i o n ,  i n  o r d o r  t o  d e r i v e  

• w p r c s o l o u o  f o r  t b o  t r o n o i t i o n  p r o b a b i l i t i e s  f r o a  i n i t i a l  t o  

f i n & l  s t a t e s .  T i t o  n u c l o a r  p o t e n t i a l  u n o d  l a  t h a  B e r b e r

T ( r >  » •  w b o r o  P ^  i a  t b o  U a j o r a n a

o p e r a t o r .  T h i n  p o t o n t i a l  l a  f o u n d  t o  g i r o  a  g o o d  f i t  t o  9 0  

b o w  n o u t r o a  a o a t t o r i n g  e x p e r i m e n t s ,  O f  t b a  s i x  p o o a i b l e  a p i a  

f u n c t i o n  t r a n s i t i o n s ,  t w o  g i r o  r l a a  t o  m a g n e t i c  r a d i a t i o n ,  

t b a  o t b o r  f o u r  g i v e  r i a a  t o  e l e o t r i o  r a d i a t i o n ,  T b a  a c g a a t l e  

r a d i a t i o n  f r o a  a p i a  f l i p  l a  o a l o a l a t a d  t o  b a  a a a i l  c o a p a r e d  

t o  t b a  a l a o t r i o  d i p o l e  r a d i a t i o n ,  a n d  c a n  b o  n e g l e c t e d .

f o r  t b a  o l o c t r l c  d l p o l a ,  r a d i a t i o n  i t  g l w o a  a a  

a  e o a p i l e a t a d  f u n c t i o n  o f  1 Q  a a d  h  v ,  w h i c h  c a n  b o  a i a p l l -  

f l o d  i n  t h o  h i g h - e n e r g y  a p a e t r a l  r e g i o n  t o  b o  p r o p o r t i o n a l  

t o  ■^ g 7 ^ > y  ■ •  T b o  1  d o p o n d o a o o  i a  a  r o a a o a a b l o  o o a ,

a i a o o  t b a  a l a a t i o  a - p  t o t a l  o o a t t a r i a g  c r o n s  a a o t l a a  w a r i a a  

w i t h  * 0  i a  t h a  a a a a  w a y .

b a  a  f i r s t  t r i a l  l a  t b l a  p r e s e n t  w o r k ,  t b o  

c e a t e r - e f - e n s s  a p o e t r a  w a r #  t r a a a f o r a a i  t o  t b o

l a b o r a t o r y  a y a t s a  f o r  p r o t o n  l a b o r a t o r y  b o m b a r d i n g  e n e r g i e s  

o f  * 8 ,  1 0 0 ,  a a d  1 4 0  « a v |  t b a  a t r a c k  n e u t r o n s  w e r e  e a a a i d a r a d  

t o  b a  a t  r o o t ,  f i g u r e  I I  e b o w e  t h a  r e a a l t a .  I t  l a  a p p a r a a t  

t h a t  t h e s e  o u r w e e  e r a  r o u g h l y  a l a l l a r  t o  t b o  c o r r e s p o n d i n g  

e x p e r i a e n t a l  c u r v e s  o f  f t  g a r #  1 1 ,  A  a t r i k l a g  d i f f e r e n c e  l a  

t b a  r a i l e d  p o s i t i o n  o f  t h e  S O  H a w  e x p e r i a e n t a l  c u r v e ,  t b a  

p r o b a b l e  e x p l a n a t i o n  l a  t h a t  f o r  3 6  l a w  p r o t o n s  t h o  s i n g l e

%

n u c l e o n - n u c l e o n  c o l l i s i o n  p i c t u r e  i n  n o t  w a l l d ,  a n d  t h e

032
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proton-nucloua collision oechaaloa la nalnly rooponelblo for 

the production of those photons. It is then obvious that the 

yield would bo greater in this csss.

The rough agreeaent of the figure 13 curves with 

exp Dr icont polate the toy to refUeaeata la cslculstlag the 

actual laboratory spectral yield froa to oospore

vlth caper lsantal results. Append la (3) outlinea the deri­

vation for the calculation to taka into account the nuclear 

notlona. la accordance vlth recent herholey caperlocate, a 

gauaalan with half-width of snolear aoaeatus density corre­

sponding to 19 lev kinetic energy was used, It was alee 

asswned that the angular dlotrlbutloa wae spherically 

eyaestrie la the conter-of-saas eysteej however, It oan be 

ehowa by the setbode of nunerlcal iategretlene weed that the 

resulting enittad a pact run in tbs laboratory syetea would net 

be narkedly influenced by et leant • slid departure free tkie 

distribution. Because of tbe use of Slnpeoe9o rule for the 

nunerioel integration#, it in to be expected tbit the high- 

energy tail (eay above 80 dew) say be la error by aa each 

as 25%.

The reeultc of thin eaienlation ewe ehowa in 

figure 13 • A coaparleoa le made of tkle calculation with the 

experimental remit and the previous nucloono-at-ront calcu­

lation. Tbe tvo theoretical curvee are aomelined at IB dev, 

while the experimental potato are scaled to be grouped about 

the novlng-nucleoa curve. An abaolutn determination of the 

yield froa the theory involves aoao considerable calculation, 

and hat boon dona for noae apodal cases by the authors; the

I ' d  n;jj
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n u \ ( U 0  V i 11 be proceatod la  a (o U o v l& s  d lu c u s i lw i .

I t  la  coco f r« u  l l g u r i  U  tb a t  la  c o a s ro l the re  

i s  b n v o i f t  th e o ry  sad » x |w rtc < w t • Up to  about

73 Saw the  c u rv e t agree to  e l t b la  the e x p e r iu o a te l e r r o r # 

% h llc  a to r e  tb la  energy tbo  th e o r e t ic a l  cu rve  la  scaeabat 

h ig h e r t t u a  tb c  s rp e r to e a ta i c a t .  Tb la  d isc re p a n cy  u y  

t e c o i l  I ro a  th re e  aourceai

( I )  t*u *M u a c y  o f tba sauce Ia n  d te t r lb u t lo a  ea a rep resen­
ta t io n  o f  aucleoe oooestos  d la t r lb u t lo a j

(ft) S itiy s o a 'i ru le  e rro r n  p re v io m if  eaplaiaeds

(3 ) Ia p ro p e r cho ice  o f cu rve  f i t t i n g  to  tb a  e xp e rim e n ta l 
p e la t  a .

I t  la  o f  U te r e e t  to  coape re  tb o  t o t a l  croaa 

e e c tlo a  o f  * s p s r l» e a t w ith  th e o ry . S lsoo l i a t a  aoaa c a lc u ­

l a t i o n  f o r  tb a  f i e l d  th e o re t ic  eaeee, where tb o  p ro toe  | 

la b o ra to ry  bombarding energy la  l t d  le v  a ad tb a  i a t t f r e t l o e *  

toob p la ce  betweea photo# ea o rg loa  o f  41 » a l 10 bee, Tb la 

ahould a o t d i f f e r  f r e a t ly  f o r  140 l i v  b o a b i r f i ig  a a trg y  aad 

a y ie ld  be tsaoa 3ft aad 70 b *v . The o a p e r la o a ta lly  la te ffra to d  

croaa e e c t lo a  aaauaea a s p h e r ic a l ly  a y w o e tr lc  d la t r lb u t lo a  

la  tb a  c e e te r -o f-a a a a , 4 cooper la o n , be tvooa th e o ry  aad

e x p e r ts e a t,  tbaa  abovei

e x p o r la e a ta l ly  in te g ra te d  croee a e o tlo a  pa r a e u tro a i -  -  -

(1 .3  t . 3 ) * 1 0

3 .0  *10 

1 .3  *10

1.0  *10

•30c.Jl
-30 3.

• V ,

H

s c a la r  sasoa th a o r y i-  -  -  

pueudosca la r ooaon th e o ry i 

pb eno ooa o loa ica l th e o ry i-

*



• H -

f ig u r e  10 W  OKMtife*** i i  p re v io u s ly  # *p ta ia *4 »  I I

U ii« t to  t o  i« 9 ia « 4  tk o t  t U  c v r v o i  a ro  ro o t r t« t« 4  to  m U i  

I t  M s t* o f to rg |  o a i ,  T IU  to  o t i ip iy  v la t  app t r o  to  to  

t t o  f i t J l  p rovab le  N t  o f « r w »  t l r o i t t  t l o  o s ^ r l t  n u i  

p o u t i *  n o r #  iv o  o t  lo io t  to o  m i M i k l o  i m I U i u n  • * -  

p U u t l o M ,  t o m t r , f o r  t l o  g o o o ra i ao rg tag  o f  to o t  o f  t l o  

M ; #oe  I f f  t o i l s *

t lo  soot fU ttO lllO  i i p U M t t i l  tOfOlfOO ooo* 

• I f o r t t lM  Of w m i l l  ootltoiooo U  t lo  f t  ooittotoo  

plo taro , For o givoo pro too toolorOlag oaorgy, t lo  oooo 

•ambor of o o lU f lM f l t l t l l i  t lo  ooolooo m l  tooroooo o l t i  

live root log o too to M o to r of t lo  t i t g i t  o a to rta l. to t lo  

too goo b o do r f la g  ooorgf rogloo, t lo  m i  ooorgp loot pot 

ooittotoo to oloot to  lo t1 ,1 , itooo t lo  p r o l i t m iF  of 

Iroooitro lloog oo too loo tor loo ipproaiM to ljr tavoraoly o l t i  

t lo  eotltoloo ooorgjt tloo tlo  tooor oaorgy socoad, th ird . I  

tog fo u r th  coillgftooo lavo •  o u o c o o o I t o I j  hlglor p robab ility  

of cootrlbating to  t lo  hrooootrolloog opoctrooi oaf oo tlo  

otooio ooobor of t lo  torgot I t  iaorooaof, t lo  oooo p t  ooittotoo  

oaorgy o t i i  docroaso, Bocauao of t lo  / J ^ T T  fa c to r, tlo  

f l t l f  pgr aociooo at t l#  11(1-ooorgy oaf of tlo  apcctrco 

should oot 1 ac r oo oo oatforoiy with lac reaving A a o f/o r t  

of tlo  forgot a a to r ia l*

A n o t ho r  o s p la o a tlo o  o r  fa c to r  o l i d  c o a t r i ­

butes t o  t l o  o o rg ln g  o f fa c t  i« » « h to  t l o  ooc iooo a m a t g i

d is t r ib u t io n ,  I f  t l #  r a t i o  lo o -n c  *n tu * i c c -n r y ^ n to f o r  t l o
H tU -u e  :ont u .J^ tt^ ^ tio a lt

t l i g t t  oucloons was ouch th a t  t l l a  r a t i o  incrooaed w i t h  

lo c ro c a in g  "A " , th e n , fo r  exanp lo , t l o  lo  h lc h -o n o rg y  photon



y U U  o o o li  W i > r f t ^ u » i « u ) r  U rf* r  (M a  for Co. l% tw  

t« to  4K(^»rtiN»atftt tv l4 M ta  •» pot of t to  a a c la ir  to a ta to i  

f ta tr lV o ttc *  for iU  W iv i r r  a w l t i  t a e l  • •  C*«

•«« te*r p m ta l  a a a  ftrf«M»t» to otoo tfcot t to  ralM iva 

h tf l iM M tiia  eoopooooto oooU Uft4 lo 4*cr««H w ttt to - 

c m « l a |  I .  Om  i r fo o M  wool4 coaotot o f a iU a f  I  c m  

for • « f t m  of tacU raa ii^roachlBf •  f t r a l  (oo (froo, oof, 

IIn  o»or*0ooooioo f  l a t n t w t  too of l i )  §• t lo  toiW r of 

ooetooao lo locroto*4( t i n  tto  « o rn # f« a4 U | forroooo to 

llio M i l o m a U i  oowpooioto . foottor otgoooot **«&4 oooaoo 

o H M rt-v aU  f o u a t u l ,  Mvtog • n l l m  w ttot tocrooooo 

o lio  loorooiloc At TO# wort foocttooo for IOt vorlooo 

••Color Boaiaiw oioioo woal4 cfroal oot t i l l  tOo ro4lwot 

rooollloc !• o oorrootoc of tto  corroopooflot oooooloo 

i totrlfcottoo fwoettooo*

TOo ro r i4  l l m p i n  o f too otorwoo v H I i t *  

w m ia f  rOotoo poorer *• t«  Oo oirotio4 Ooooooo of too 

• t t l t lp U - c o lU tio o  o ffo e to  for Ooovf ooolot* Co«oo4 ooi 

t t t r f  c o llis io n *  i l U i a  o ooelooo ( to o o o to f, o f oooroot tOo 

r §  c o ll lo lo o  p lo lo ro ) w ill  0# c or ro« pood lo c i /  loo t o a o r p U i  

oo4 Ooooooo o f w il l  c o o tr lto to  o 01 f t  or ro i lo  of

h tu ia ^ w f c ^ ^ f f i M i  tlk>> t K *  ( l H t  t t l l l o l o o .

II If ooccooto4 tool f o r l to r  ooporloooto Oo

4ooo oo Ordrofoo oof d o u to rio a , lo  or4or lo  f o r l to r  o tool  

11 to  v c t U l t f  of t to  t r r o  of opootrtui io f  l#  osooloo

ooro c o ro fu ll /  t to  tlg t-oao rb jr l o l l  for t to o o  ■ tap U r  coooo.



<4) fMibiisisiM ê c * **n,:
r t « * r * »  • *  •  ♦ ! •  I f t i  I t  U i t M t l  M  *buwp* 

ft* tb *  i p e c t r i i  r t c i H  i l m  t f t t  pho to* i«  i ^ t  m t

H I !  t H  b t & * r 4 l« £  oacrgy ft* tfe t i * b o r * l * r y  to  »»

f t c t w ie r  ^ t « n a » « 4  I ;  tfco « f « a t U |  a ta t lo t f tc o  I f t  U f tN  

t p H i r i l  ro g fto a * . T i l t  to  ft*  i c m M i t  t ! U  V U M fe 'i  

r m i t * .  I f  id *  r o M t l N  * t>  *11*0 *4  to  u k t  y ia c *  ft* *  

f l * U ~ f r o o  H f t l t f t  Co* fttnw i i l  to  ! m 1 H  ft * * a l * « * l  Id o *  t i l c i *  

i f t t lo o *  to o t  * 4  I *  V U mo o 4*  f t | « v  I M U i i i  th a t  t M  r o o w i t i * *  

pho to * f t o *  ebowM bo » *» *vb a t g ro a to r  lb * *  tb *  poro p -a  

o o itU f to *  b r o i id o m b lo A f  f t * *  ft* lb *  b ftfbo r o * * r f y  « y o o tr« l 

r o f lo a *  C m  m m t  ib o ro fo r#  * o o o lo d o t * *  4oo* f f t io o o ,  th a t 

lb *  p o r t u r U U * * *  o f  lb *  f l o a t  r o o d  to *  * t * i o *  do * l#  i b o l  

p ro * * * *#  o f  lb *  o tb o r o u c io *#  c o o o tito o a ta  g r o a t i j  * * o ro *a *

Ibo w o w  o o o llo *  fo r lb *  rooe lfto * par U r t o l  m l r o t ,  ftt 

* • *  bo bodoeob f ro *  lb *  o *j r tu o * t# |  ro o o tt*  tb o t ftb* rooatfta* 

oroo* oo o llo o  por oootro* mmmt bo 4ooro***4 by •  f * o l * r  *1 

• I  t w i t  40 fo r  Ibo N f t f t l f i o t  * t lo o t t * o *  boro t* v o o tt« * t*4 , 

t *  * o * « i* o t* * 9 tb * * ,  Ib ft* o a p * * io * * U l w r t

•boo* lb a i t

U )  lb *  te la t  crooo ooctfto* fo r  N *  fo r  lb *  p rodootloa o f 

pbotoa* a boro 14 ttw  oaorgy by 140 Mao pro too * * •  C l  *9 ±  .4 )

Cl) tb *  eo*lor*of«<M M  t y t e l r t *  *b*yo fo r  y *  * * t t l* f to * a  ft*

(9) tb * poowleocaUr ooaoo t boo ry oftlb p*o*4ooc*U r ooupIUg 

p red ic t ton ft* i * * o * * l * lo * t  o ftlb  oayorftooat*! r o * * t t« |

t



(4 ) t U  ^ o a c - jo o U j lc t l  tteory prt41«tlM  U  Q O M lltH t 

e lth  w n r l M i t i l  resu lt*)

|ft) lit*  ic i la r  b m m  U t t r f  v t t l  » c i i ir  c o u p lin g  theory 

p rH U U M  la indicated ftp p n lta lM r y  eaperieoatn to ft* 

iM o sc u ttu t  m l a ip ir lM iU i r e m it*  only la  the l a f i l u  

t i a t r th a t l e a i

(ft) there  la  m  evidence tor the r e a c t  lea  f t  a  “ ft 4 ^ r  .

1 *  l

a)  cha,>mi nfttiiimltf imrif  **—
The f e l t  ee l a f eaeelate o f a 4erlent loo o f tfta 

aUnoluta chnaaal c o s t in g  a fflc la a c ta *  far a fteea a t  y ho tone 

d irec ted  at tfta earner tar, the tea  fcctoaa ef vert lo c i  

teat ter l ie  lo se , u 4  Icaa between e ffe c t  le t  feigar tube area a 

ir e  bare 1 f e ared, fteaee i t  la teem ed  that there la  ae v a r ti-  

c a l a c a t ie r l i f , and that the fe t fe r  tuftec fore a ceatlaeaaa

-<*sUt« i r u . The te m ln o la fy  cocci a te  a f t

«, th e  converter dena lty t

■o. lv a8 « d ra , « auabert

*, tfta a to a le  ea tfftt e f  tfta converter a t  ta r  le i  i

k. tfta coe ear ta r  f ta lfh tt

*. tfta converter l in e a r  tftleftaeati

tfta f l t t t t a a  f re e  tfta converter cen ter aloof 

tftn U aa  a f  f a l t e r  tnftaa (a t#  fig u re  1ft) j

»*. the d lntaacn aloof th e  converter)

* . th e  photon energy|

th e  r a t i o  a f  the e la c t ro n ( . )  energy ( t o t a l s  

f tlo e tlc  tilergy) to  f |

lit
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k, i  t i a i t l o a  of (Ho »a coo t ic  f io to  otrooftH

•«et th a t (He t lM trM  M »r« f h m i I i  kjr for 

•»  o rb it 0 in4  y (too  f lf i tro  l l ) |

| j | g  t to  oprooi; «o lo to r ro l  o f tko J 'tH

oHoaool f o r  D o  m m  « * g a« tir f i « u  » « m i«  

oo lo  tavoiv  4 to  U« ofcoro Hi

I  4 *
 ̂ tfc* U U « o U | of I HO photo* HoM i t r U U f i  I I#

m t o r t o r t  oooftiM  to oo oaorc? ronpo o i 4 w i 
• * 

lj»  tU  oonHor of patro n u l  »ro Ootootod p*r

oo I t  U aea

j t  D a eoooroi lo to g ro l Oooigoatloo of Oa J 't f t

ooorgy ofcoaaoti

O f« D a Oiotoooo Ho too#» §oi«or taboo a  y M  - yj 0 «»

; *10 * f t i *  |i; • . *

j [  ( l t V |«)4«l tbo erooo o oo tloa  lor pot* product I *a for •

pHotoo o  I ooorgy i  oitlHo fro e tio o o l 0|»l i 11 t - 

of o lo  oo to to rv o l i« , io  a +oorortof o m h  

• tc»»ic ooafeor I ,
f  •

THo oHoototo oHoaooi o ffte lo o ey  lo  tHoo 5j  { y *  •

I t  lo o lo o r  (Hot I j  lo p ro p o rtlo o o t to  tHo oooro rto r th lek* 

0000 t c tHo oaoHor of ao o lo l po* oo lt ooloao i 0 |  ,  tHo eoo- 

vo rto r HoleHt H9 ftfti I j»  to  a d d ltto a , I t  lo  p roportiouot to  

oo U to n ro l with ooftooHot tavolvod i l a t t o .

To orotoo tH lo io to n ra l , i t  lo  to * tru e tiro  to  

otady p a ir s  o r lg lo o tlo s  i t  y# io tHo o o o ro rto r lo  oo lo to r ro l  

dy*9 and otiick oro prodoood by photo** la  tho  c iw rff raofto 

A ' t n and of ©*>crsy V a p fre y r lo to  to  th« J*tH **erry o H o h ! •

T? * lo t  e n ro l lo  tu !U  o to ood th« ooo tto o  J f  (
; * * »♦



- 4ft-

the f i r s t  *tep is  to  H i  th e  i iu i to  in u . Am ln to -  

c ra titfs  over * tW s gives th e  t o ta l  c ress s e c tio n  for 

d*t*eU4 photons for the case o f p a r tic u la r  photon eaerep 

f ,  o r l f ln a t ta g  a t  p*# sad th e  |* th  ebaone!,' I t  should bo 

aotleed U a t f  4 t y |  *  *  *  f  I s  iftdapendsnt off J .  To 

v isu a lise  th e  U n i ts  I t  Is  h e lp fu l te  lo a d  as a U se  

correspond! * 2  t e  f # s l id  bee* sad fo rth  pars l i s t  to  p 

(ftea r*  I I )  sad of I t t f U  U  y a |  * 

y r i d h  i  *  i f i 

For thy*-. d f  t  d  f tp  |
p M B  *r %

the  le v e r  I t a i t  la  a b p . - hp* ,

* - S — 1

the  upper H a l t  la  « 5 •  * bp^ e  bp9

fa r  tkp * t  ft th y . 1
v« » ^  »

the  ieo a r H a l t  la a -  f  - ky  -  kp*j
* *4»»

the upper H a l t  is  u | |  hp* -

Tor 18 < i  *- H i

f« r £  *  «*• *

tlM lt fc« r  X to i t  u «  *  **11-11 ~k y ' |
w

the tapper H a lt  la u ~  f  -  kFgj«|p •  tjr* 

Tor *  * *  » f JO  1

1 * 4 40



wm

tbo l o w  U H I  io  « *  1 " ^ 1 1  ~ ly> ,

tb# «pptr H o lt  ft« I  v -  '•**?* W B .:\
I

X» » 4 A ill« t tbo m i h l i f  f  <«) M l  bo n i t -  

• b l f  volffctod for o i l  volooo of V botvooo Ikv i b < H i

l%to dooctoo •  toeo*4 lo to f r t t lo o  t l U  r oopoot  to  f  Nt<

t i»  l i a t t *  » r J<a t “ r ^ , ,  *M r*

tbooo Ifttocrolo t r o  4 i? l4*4  by

^  •  f i r *  •  Ok*  m  f k «  •  f i t *  .  a ( «  .

— r 4* > 3  " # # •  > •  V i

t a r  pr optr  4 l*oooloop I oo4 v o t f i t to f  tro o u io o t.

f l o t l l y ,  • th ird  u to c ro t l* *  iM t  bo oorfi 

w or ! ! •  o o liro  co n to rt« r  by a » i u  o f llio 4 if fo ro o llo l 4y1. 

TO* ro o u lto  oroi

•boo lu to  obooool o fftc lo o cy  v



Tor >i, 1Q|-

a b s o l u t e  « f ( i r i « D € i  r

U n fo rtu n a te ly  / ( * . e >  • •  e ap ree e ed  la  the «i m 1 

I t  to  r e t  tire  U  not a t  U t t p n b U  f e n e t le a ,  « M  a t t M l  fo r 

w t e r i d l  approxim ation*  » u « t ha fo « i4 , The i t a f l H l  «M  

f to tt  u e o fu l o f eiM-ti ap p ro x  m a i l  one e o e a ta t  o f t  

( • )  th e  r p t l t t t & f  c u rv e t u  f l i t ,  e e  th a t  JF

la  M  l M f t r  • fu n c tio n  o f  « |

(h )  c l o M l i f  a aeaa  v a lu e  of V fo r  each c h a n n e l ( f  *  

eo t h a t  jP  to  a c o a a ta n t fo r  te c h  c h a n n e l.

The eecoiuf a p p m u n a t to a  la  a  good oae n ie c e  

dooa not vary  ra p id ly  o v e r  the  r e l a t i v e l y  e o a l l  range of 

A  Vj ^  |  th e  f l r e t  caa  he ahova to  he aa  ad eq u a te  a p p ro x i ­

m ation  ( t o  v l th l a  a e v e ra l  %) i f  f  la  p ro p e r ly  ehoeea ter 

each  c h a n n e l . At e x p la in e d  la  4(h> , /  e a t  ehoeea to  c o r r e -  

apood t o u »  e§ ',« t•? •  l e a e e f o r th  }  M y ha d o e ig aa ted  by j f j  .  

ao t h a t  fo r  th e  J* th  c h an n e l f 4 l a  e v a lu a te d  a t  ih e  n e t a 

energy  ¥  *  2 k 11 th  th e a e  approx) o a tI o n a ,  then ,



-O i­

le r  v

• U o U u  e k i i f t t l  t l f lc lo a c f  *

> *pu.
tb j M ia# tM  f i r a t  t « n  of U «  U  »ip«aal«K)

* * / *  f t  f j l  ( A y M j f i )  •

* * < . 4  ** J  ' ? * * •

«b4 far 10 o- J *  m I r o  t t a t U r  pre«*4«roa 

i b i o l i u  j i M i l  i t fU lM e y  *

TtwHM* M r# tt>e ip ^ m lM tK w a  «««4 la  tbo ic tu i !  t« « |N itU liM , 

( I )  y c r t lc a l  f n t tp r tw :

l a t  i t  bo aoaawaO t b i t  a l l  t l x t n a a  a r l i t M U  

oa •  v e r t ic a l  Ilaia of tbo c o a ro r to r . «a l U t lb# tm im M ly  

c irc u la r  e le c tro *  o rb lte  bo • w r e n  IP to  r t r a l r M  ItK *t« 

Coforrlot: then to  figu re 10 lo t  tbo  a ax i* I** tM  o p t i c a l  

convertor l in e ,  and th-% y  ax le  tS* ll*iO of ? *i ^ ♦

la  a h o r tr .o ito l pin t**. T?»l« I n t ic r  a r ia  If* 11 %v i» <*?

k in e tic  onerrtti to  a r.xiod Ofpr** ’t?

*4



%

C o n n ld o rin g  e le c t ro n !  o f a p a r t ic u la r  a n tra ?

1* which ttrc ilM ta  on a v e r t ic i l  H a t  through y ' , I t  la  aaaa 

tb it  two apodal o rb lta  of tb ia onorgy aloctroo a rt and 

f | t  wblob take angles tad 4 }  with tba horlaontal. An? 

aloctroo of ©norgy « ' la  "loot" I f  I ta  eagle with tba h o r l-  

noutal la ao groat that I t  node the y a ila  at a distance 

sc a lie r than y*, and tborafora ^  and a r t  two c r it ic a l  

angles.

boa for a btaai of pbotoae panning through tba 

lU o  coafortar ooa nay doflna a lia a  doaalty of olaetroaa 

*7  <»,*) which Inara tba converter In  tba forward d irection ,

Thin density nuat ba of auch a fora th a t’ 7 ( 1 , 1 ) »  f (X )X (a )( 

wbara f  and X ara function* at tb la point undefined. Tbia 

la  no bacauaa tba diataoca fron tba oyclotren target w il l  

ba great enough ao that tba photon energy d istribution w il l  

not change orar the apaoo of tba converter.

Tba object of tbo following calculation in  to  

find  wbat fraction of olootrona of energy S' a r t " loo t*  

through vertica l scattering.

Tba ftoaal-Oralaan paper19 dealt la  part with  

tba aaattatlag o f olootrona through tb ia  fe l la ,  aad I t  la  

tbovn that for a 'pencil of alootroaa of h laetlo  energy I  

( la  Mar) parting through a converter o f rad latloa length th ic k - 

aoaa t

where 0 (E ,t,4 )d e  la  the probability o f aa outgoing aloctron

1



m *

bo tug i c i t t i r e 4  Into tho ran;:# d#*at n  i b j U  l a  rad laaa of 

•  v l th  tba forward d t ro c t lo n .  Cat for tba c i n  bar# doalt  

with, tha t  la* pa ir  o lactrona uo tfora ly  c rea ted  throughout 

tU* conror tor ,  thin d l a t r l b u t l o a  function bocoaoa

4

r o,i, e) •*I f  ,

abora I  l a  dot o ra l  nod by tba  aonaa l laa t ioa  ,

* * t

* f j w*
• a  #

ao that A/ •

- # V ‘
» 7 '

ikr [§*****'•

Vov I f  aaa aaatmoa that tba c r i t ic a l  anal# fat 

any point i  o f  tba ccmrartar la  ciroa by (ao that

taa |  a  ft, ) for loan at tba botta«i than for any alanaat 

da at a tba to ta l auabar o f alactrona loot at tba bottoo la  

giraa by f . j t :

/
/ • ir

Ifeaft tho f ra c t io n  of electron* o f  ©norny I 1 which ara  lout

fron tho a n t l r o  convortor t o  both top and bolter* In cl  von by
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f  ynr^iJx
A •

th « n  y• b n  boon roploeoi by k (t )  I* • k(X) b ila f  •  Im m U m  

of tbo oognot ourront only.

I t  ooo bow bo oh own tbo t  tb to f n o t  loo lo  io -  

dopoadoat of tbo orbit energy I * .

rroo the flro t lo togrotlon  lo  tbo oboro integral 

i t  lo oooo tbot b o lv o y t  appeara oo l * V  , oo t b i t  M S l t t )  

•ay bo v r ltto o  oo l , r v(Bf# , t ) 9 and tbo totocrol ooy bo written 

•o  f

{n o tio n  loot o

■% tvt'rve'*t *) * t44t
< rv*w~



1» which the XInitd of tho f i r s t  ia teg ra tlo s  Uv« boss 

changed according to  the n v  veriebl* of ia teg ra tlo s . tha 

MM of OD io tha m w  upper U a lt to Ju s tified  boos as s  of 

tha to rs of r»(E*u,t) which contains t  im a s iia  fuaetiooj sod 

fo r th is  fo ils  th is  g a in U i  is  vaslehlagly s s s ll  s t  +  

or Y r -

This la s t  is ts c rs l  ospr ass ise  far tha froo tio s 

of electrons lo st by vertica l sca tte rin g  IS isd sissd sst of **.

The derivetioa oostaiss too essusptioss vbloh 

deasstf further eeuMSt*

The f i r s t  sseusptiss la that the else  tru ss  

orig inate  os e v e rtica l 11m , instead of as eetuai a rea l soe­

ver ter* Set the derived fraction is  independent of p, hence 

i t  a ss t he valid for say vortical U se converter os the y 

a s ls ,  asd hoses fu r a s  actual a reel ooaverter.

The soeoad eesusptios i s  that tea ^  « or 

th a t the ueaa sca tte rin g  asgls is  go tta  s s s l l ,  This lnplieo 

tha t the derived re su lts  are only tru e  te  f l r e t  order. The 

eocoad order d le to rtio a  say he o ln iatsod  hy uelag th in  con­

vertors and/or convertors of aarrov height.
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( 3 )  l ^ o r a u  y % r* c trm  f o i i i | |  »»v

f r o  t  m i  v i l a g  a  Kmc t e a r  f o r m n u u  P i a t r  I lo t t in g

&*™22ii£±JXf

( • )  TUcro ie  i t  a o e t  one n u c le a r  e e l l l e i o o  pur p ro tM , 

TUie t i  J u s t i f i a b l e  m  id i i j  f ro e  p a th  e o e e id e r a t lo a * .  

(b )  The i p u t r i K  l a  th e  c e n to r -o fm a e a  i j f i u a  l i yu rfi

r e f e r s  t o  t i e  c e a t o r - o l v a a o  e y o t e a  

( e )  T he p h o te a *  a r e  w i i t U i  « i t l  a r b o r  l e a l  ayueeU ry  l a  

t h e  c e n to r - o f - a n n a  e y a to * .

(4 )  The U r s « t  a e e le o n o  a r e  e o a a id o re 4  a a  a  eaa  l a a l i e  

t h e  a e e lo a r  r o t e a t i a l  v « U , aa4 l a  a r t e r  l a  l a t e r -  

a o t  w ith  th e  neutron® of th e  a a a le a a  th e  bo ib a rd iag  

p ro to n #  n e a t  e a t e r  th e  r o l l  and p ic k  ep  eeoo § H ie 

^  l a  a v a i l a b l e  r e a c t i o n  m e r c y .  Thfta l e  l a  aceerd aao e  

w i th  re c e n t n u c le o n -n u c le o n  t i  lc u la t lo m t  fo r  t h l a

o n e r c i  range*

( a )  The ao ae a tu a  d i a t r l b u t l o e  o f th e  t a r s e t  a e u tro a a  

l a  aaeuno4 to  b e  a ga tiao tan  la  a c c o rd a n c e  w ith  

r e c e n t  D orhe ley o a p e r ln j a t a ” , eucb t h a t  tb o  p ro b e -  

h l l l t |  th a t  a  n e u t ro n  h a r e  •  a n i e n t  tie p l a  a ran*:e

a Tfcoao r e o u l t a  a rc  c lv o n  in  a nuib*»r o f  1953-1*51 C Jfh  

r e p o r t* i  ftaoag th o a  J .U . VI lo o 's , B tf l r lC lO i 1063 (u n p a tilirh :4 > »

e a  th e  p h o to n  e n e r g y  ( l | t%  # and  t h e  a v a i l a b l e  e n e rg y  

( L  i  by »*an*  o f  V7T& *% , e h e r e  t h e  e u b e a r lp t  e
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vboro p  U Ui® iioutr®® ®a;o*tiu eorroapoudtiig 

I® 10 Ibv U « o U e ew ray i m«l 0 !•  tb® propor

«®*otft®t»

( f )  7U® iM « tm  M U * *  i r t  t r o t te d  m - r t U U f U i -

!®iUy«

l^ t  i t j  iw 'v ^ rip l o r# r« r euijr iv  i m i U U m  |  

tua io rod  4® tb« ®o«i®r~®f-t**®o uf u to*.

/  4® tb® ttt^ U  of pboto® M tM lM  with roupo<t u

th® 4 tr< x tto «  of in® e o a te r-o f-u m a  a» U M |

^  4® tiM ft a® 4® m 4® lijr •  ta rg o t M ttH ft ®4tb m yft«K

I® tb® boon 4lr*ct4o® Uofor® c®IU®4o®t ( tb o  *l® t- 

itud®", «4tk 10® M rU  pel® pftlftUftf t® tb® k m

«|yo®iU*||

R ,f i«  r i f N i ftt  U lo r i to r r  ®ftVl«ftUi • » •  ®®eli tu t  i  i® 

«pi®Ni f  I® tooard ilk® p a ir  ®®®*tro®®t®r» •  I® 4® 

III® boa® d lro c tlo o , tod lb® or4®4® 4® 4®®gt®®4 ®®

ftnod 4® lb® tar;® ! «®ol®®®|
I

4® Uk® i®si® of Mloiia4lad®4* i® m aaurod upward fro® 

tb® jf dir®«tio® for ® ta r f f t l  ®#®tr«®|

4® tho v e lo c ity  fac to r o f tb® c*nt®r-of-naa® ®p®t«® 

4® tb® r®forone® Iran® of a , y #« | «U k ft®»«iitti«lt f #

• Ion'i w ith tb® aonal tor®i®olooy of

T* «m0
l  • *®d

M r ' i



a an4 p •« w u V crlp ta  re fe r  to  t ir r .o t  neutron tod b u itu rd lm

protooi

£  ta tta  to ta l •aorgp of a oucUoaj

I  la tha M M I «  o n o rc i at •  nucleon or lynton of

auc 100.1a t

p la t i t  a ia i i ta i  of a our Woo i

I  ta ttko protoa N ia  lataaM tyi

la t l i  avatar o f am lot par unit araa at U r s i t .

<i-moral

Tta axoorloaata taro doacrttad oaaauitui t ta  crooi

aoetiaa for photo© outsal on par am tana por vatt aolld  aaglo 

par k Mar aaargy ta ta r r a l .  Tt»la, tta a , r i l l  ta t ta  tu a a tity  

ta lc * *  v l l l  ta  t ta a ta t la a lly  calculited la  t ta  to llo riag  t o r i ,  

Tta a i t lo t  oaod v l l l  ooaatat of ttao t atapai

( • )  Plading § r ,  and of t ta  a*atar-»af-oaaa ayataa,

i t l i l  to aaapoaai  o f a taibardiag protoa aad a tarpat 

ooatraat t a n t i i  of t ta  aoatroa aotlaoa tfcla ayataa v l l l  

to  foaaral a rt oora aloag t ta  t a n  d lrootlaa.

(0 ) fla d la g  tta  r a la t l r la t lo  tranaforoatloa for <O C

la  atap (a ) .

<*> gn!«g»«

Tta fallow lag rolatlonnhipa a r t  glroo Iron tta

aootanlaa of apaalal r a la t i r i t y i
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(1) v(if-Vf,) I

(») /*« (e?+f~)c* .

f- * tf f

O) ;

tcJ by nuVUtulUj <a> tats (1). tl.ua (1) lata (3),

U> F  + ^ C ,- « . i l- (Ikl£zlL& ]
f * * l f f- * ef J •

2vt llftc« UiU i« i «IH of two oiftQiooo* of «h|uo!
I

m i «i tb# totAl ivol loblo hiMtU twrnf 

£ * •  *>. ♦ r-*» " * and

<•) £  ■ jf» *- **,< *_ f-hl'.f? j •

(i*) C # *

iY L  *_ "WA^ /

1 *>* a.„.C'*et*e*. J*

VolBf tho itfilUiM Of > I IMl (*)

^  C  W c  - *»*)
V (â n,c% t •

51
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Tfcr tiar,ttltudo of to Ktvoo f ro i  (3) to  bo

•nd frou  (3 ) oi»d d o fin itlo n o  o f 4b, ^ ii

(<> / f ,  * t P - a ^  .

3 ^ 1 * 1 “  *•*.«“ ♦ Jy *

<b) rin d lr*  the i r n a ^ o n U l o y

Tbo q u a n t i ty  to  bo tranofo reed  lo 

( t )  .  / T  «  _ i!______ _ ^  vhor«

J7CJS, J&L.XM. T .P . t i  AaAV.

uo> d!z. « •rVf»-p,vja •. * 3  J>v ;

to  rb lcb  » ro fW M lt l  tbo eunbor of piiotooo, and 

! • •  r tp r tM Q ts  a constant co n ta in in g  tbo noconoary 

fundanoatnl conntanta fo r c o r re c t  dlnonn tonal 

axpraciulon. I  uuot bore be a conotant boenuoa of 

tbo co t bod* need ia  find ing  th e  oxpariaon tal o rd - 

ina too , eh ich  coooiotod In p a r t  o f d iv id ing  by an 

a f fo o tic e  proton boca o u rro a t and aa g lo c tla s  any 

•ucli concapt aa eueteoa a c t io n .  For tbo nucleon- 

nucloon ay o to i coneopt bore uood, th in  r a r ln t lo n  

of of fo o t i r e  current e i th  cen to r-o f-na  v.n no tion  

w ill bo tn!:oti in to  account an tbo ca lcu la tio n  

proi^cnoon.

I H  052
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l a i t i l M i p l i H T '- T

-M

UtuUiC (10) Into (9 ) 1 ilto  in

c u )  » m" /f.-tkaJi
4 a.dt4

y/Uovc

t .d V j .

t w i  >
t e t *

Hov th« r o l a t l v i a t i c  onorcj an 

atlorva f lo ld

( » >  f  f  w )  > r« -  0 J

• fora-

a«> *i»/, h  * ^ 4 ^  r C t - t* ~ 0 ) ;

at) ,

(W ) * n ,  .  ^ -o .

fraa  which

tTM /Sm
Mhatltating (13),  (14). and (10) into (11).  

(11) boooaon

( I t )  X T  K ' \J Q-St~*>

TZTv  ’  r '(>-/***'

*e , o f cour««. la  not to  bo tranaforood  aloco I t  

l a  tho onoray tv a lla b l#  for photon o a laa lo n . i l l  

l a  In v a rian t.

For a pa ir apoo troso to r ao t up a t  t0 °  to  tho proton

and
( I t )  / -  X - s U ~ . ~ '  * 3 .

w

( i t )  o #  -  ^ 7  ;

7*

■ -v ; -  i u n f i t H B r -v:i0Hwstts

i

i ^4 r,.i
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0U‘ lliutlom at (10) into (17) yloMa

(90) r----- ---------- r

* f 1 v i ~/ t f )

r'Ciyi,)' e,(k*>)

(c) Cr :»l<)tlrt 11.» derivation!

Tbo probabi ltty that • largot limit roo vill 

have indirection 0,u la a ran-o d*, ^  la proportional 

to 9 alaco tbo nucloon altuatlon la aeouuod to bo

ooo of aptiorlcal ayttraotry. Furthoruoro, as previously 

aoatlonod, tbo aocaoattn distribution aoouacd la a cauaolaa 

ono, and tbo probability that a taraot aoutroa bare aa 

oiiorcy Im la a range 4E0 la (loon by ^  .

Thoro la one nora wotphtine factor to bo dealt 

with. Tbla la tbo rotation outibor of eolllalono per unit 

ttoo, aa a function of CB, and M  * Aa aa exrpio,

It la clear that for tarnot neutrons novlns la the -2 

direct loo thoro aro aoro colllaiona per unit tlr.a than for 

neutron* oovlnjj la tho Z direction) and ao a tors fctdtl la 

proportional to tbo relative velocity botween proton nod 

neutron auot bo inserted aa a volghtlna factor.

Tho rolatlve velocity la proportional to

In tbo laboratory ayotci.

Tho rooult nought for la then

j o/ ftp >
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( * l )
/  *r

J a / w

%* *
- f -  ___

r V / ‘ A?'e.4w ^  *

O P

*«l. rs  a l l  t  o  co i tau lo  of (;ro ;<ortlom l|tjr hare bc««* tiu 'lud *4 

In  tfeo i . co tftaat S» Zj  m i; t i tn t i« &  (5 * ), <0)» » 4  (0 ) 

In to  ( 1 )  tbo o a tlro  In tegrand b n to w i i  function  of o * 1 y

4r i onJ j |  # and la  au o rleo lly  i n t e r .  i .
~  -  f r

Cisco npp am  in u n ite  o f Unr In t  ,

tUna C,,. <*y , au j Cp uaot ilo o  fca •***».. 'w4 la u  «o

u n i t i i

•nun thought ouet bn Given to  tbo nu; >rlcol

va lue fo r Z bocaura of tbo concept of tbo nuclear p o te n t ia l

0.0
v e i l*  I t  boo boon tbo fn rb ton In recen t yearn to  nr th .<* 

th a t th e  concept o f tbo nuclear p o te n t ia l  ve i l  In ap p licab le  

to  hi.;h-onorny be ibnrd*iofitn, and tbn t be UtMtrdUg aocloon i 

plcb up none 30 Sot In  tbo cent c r-o f  nan oo eye too In e n te r in g  

the nuclear re*ton. U itle  tbo concept of tbo *30 tier" 

p o te n tia l  v e i l  In a unoful  ono for leo-oiio rnr one loft r pho* 

nelson ruch • •  o n c r -y - lc ro l  s tru c tu re ,  lw j m rcy p-*» lo t  I - 

a c tio n s , e t c . ,  tboro In no published nOfOflUOntnl ortdone© 

fo r %0tfb»dl»3 to nt c leo  of 100 It^r nnd f ro n t r rbovlw: tVM 

ouch n **30 v e i l  M tS tn*  I t  t t l M t  bo detected  and 

n »rurod In hir*l» '* r, y I .*>nrC lontn ouch a » nnelncjHNt 1



sc a tte r in g , fo r tho o ffoe t o f tbo  r o l l  "cancel* o u t" , In- 

dood, ona cay proaoat sons s ln p lo  arcuaonto to  show th a t 

I t  aay bo u ttv lii  to  add th is  SO Mow* la  a c l 1c a lc a l  typo 

of srguaont ono aay aay th a t f o r ,  say, 100 2Jow protona oa 

Da tbo boobsrding protoao ouffo r oaly about oao c o ll is io n  

w ithin a nucleus and do not a tro o g ly  in te ra c t w ith tha  

o ther nucloons w ithin tbo aaaa nuclouo. Tha eoscept o f tbo 

*30 Mow v a n *  la  la t la a tc ly  tlo d  la  with nuclear In te rac tio n s  

which a ra  s tro n g  and f u l l ,  ouch aa tha bound nuclear s ta te s*  

Very recent work oa tha aaw T o lle r aodel a t 

tb la  lab o ra to ry  indicate# th a t  fo r blgh-eaergy bonbardaonta 

(100 Saw and c rea to r)  tbo boabardlac nucloona should ex­

perience fo rcaa which are ap p ro p ria te  to  p o te a tlo l v e ils  

which ara  naallow er than 30 Mawv perhaps by a la rg e  fac to r.

l a  th i s  proaoat work tho conaorwatlwo choice 

of about 5 Mow was nado fo r th a  energy picked up by tha ldO 

How protons la  tbo auclosr reg io n , la  tha ee a te r-o f-aase  

ayataay tb la  0 Saw was c a rr ie d  la to  tha tr in e fo rn a tlo n  

c a lc u la tio n s , both w ith sad w ithout aucloon n o tio n .

184  050
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r *  A c K n < * l » d y i » n t t

t b o  o u t h o r  w o u l d  l i ! ; o  i c  o r . p r o o y  b i t .  n i n c r . r o  

t h n n * - '  o u t !  g r a t l t u d o  t o  r r o f c o o o i  D . J *  I t o y o r  f o i  h f t  g u t d a n c o i  

c n c o u r o n r . o u t ,  n o d  h o l p  i n  t h a  p f i n ;  o f  t h i o  r c n c a r c h ,

L * a * y  t h n n ’ n  a r e  n l u o  d u j  t o  c o l l n a r ; u o o  H a r l a n  l h a v  a n d  

C t t a r l O l  V a d d o l )  f o r  t h o u  l o n g  a n d  c o n t l n t i o d  h o l p  n i u l  

c o n  t r i h u t  l o a n  o n  p a r t  o f  t h e  r o a p a r c h  t o n t i  t h i c h  d e a l - n o d  

t h  < M i l r  v ' n t 9 e p a n t  c o j o  t w o  y o a r o  i n  c ^ p o r i u u u i t u l o a ,  a n d  

e u a l y s o d  t b o  d a t a ,

0 1  n o  o r a  a c i c n o o l e d c B o n t a  a r o  t o  b o  g l v o n  t o  

D r ,  U a l t o r  B *  C r a n d a l l  f o r  b i o  g u i d a n c e  l a  c a n y  p l n u o o  o f  

t h o  p r o j e c t ,  t o  J a o o o  f a  l a  a n d  L l o y d  U n u e o r  f o r  t b o l r  h o l p  

l a  o r g a n i s i n g  a n d  o a l n t a l n l n g  t h o  r u n s ,  a n d  t o  t b o  c y c l o t r o n  

c r o w ,  t l i o  c a i n t o n a n c o  c o n ,  a n d  t b o  c a n y  o t b o r  d l v l n l c r r i  o f  

t h o  l a b o r a t o r y  v h o  c o n t r i b u t e d  d l r o c t l y  o r  l n d i r o o t l y  t o  

t h o  o u c c o c o  o f  t h i o  p r o j e c t ,

C p o c l a l  t h a n h o  a r o  g i v e n  t o  t h e  a u t h o r ' d  t r l f o  

f o r  b o r  l n v a l u a b l o  h o l p  i n  p o r f o r n l n g  n u - m r i c a l  i a t o ; : r n t i o n n ,  

t y p i n g  t h o  n a n u o c r l p t ,  a n d  g i v i n g  a  C r o a t  d e a l  o f  © n c m i r r . ; p » -  

c o n t  a  I o n s  t h o  w a y .

: C " - .  U M r rC O V V ?
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