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.I,. Ent~eduoeStoxa 

Expe~%mmts. on th6 amttecf w. sf polarized nes~rt~om 

from nueloP p~ovide a etrzli&kfomus*d method' fop Pnwsati- 

gatlag @pirtz-o~b%t forses 2x1 the mutmra-nuoleus fnte~aat%on~ 

If' such P"o~e@a aw p r e a ~ n $ ~  the soatte~ed neue~ow flux 

exh%BI%~ a ~Igliti-Ief t aaymbB;Sy In th@ eeatte$o%ng plan@ 

vb~ieh $8 ehoaexli p~rp.endiLcu3.a~ to the d%rpeo'tflon of" pa%a%"l- 

eat lon of klae ba04dend; nc~aa*one~ %%a a a y i ~ . ~ ~ a t w  dep((~nds 

om th& polorizat%on of the BneBden$r mutlpsrns as161 on the 

I?(@). P(@). ~e po~arisat~on whioh would be pro- 

duced in m tanpclorPaed bean upon bc%ne, scattored .%h~olagh 

%he mglo 43, depend8 on the st~ezagth sP the splsa-s~bi8t 
/ 

%~&@PoIB%~ one 

~ d a ¶ , ~ "  and 0 k ~ ~ t a R 1 ~  have uaod 38OSkov p o L ~ ~ ~ % z @ d  

neuffona from the pBn)~)e7 maotlcn to 4nveet61~ater 

heavy ntxclei POP a aoetts~ing angle of 90% Data obtained 

fes1p8y asmos%h$y with txtoafo wefghte Theso roslnlts were 

eampwod w i t h  pPQn~S~atfom eaEedl.ated aarbsurdkang a oomplsx 

sqrnare wall potential moUf i e d  'by a ap2n-c~blt  irbteaaet8oe. 

Qut33.dttat8~63 agmement betwoen oompratesib and maau~edl p9s6a~i- 



haivy nueXa% have also boen aarrfocf sit$ at ar ncoutaoan bow 

. . .co 

f * A a ~ t m n m  of high :henew measwenienta is givenee'- 

?'he present oxps~$mnta <toathue the prew%ous 

wo~k'~* a t  380-keo neut~sn energy and e.tend ehe masum- 

m n t ~  . to  scatto~Pr3.g angles of 559 anil ?3o0, whe~e one would 

the .. .... effect _ . . . . of:$ D-wave qp&%t%ing on %he polqrieatlon 
. . .  . . .  . 

. . . . .  .. . . . _ . . 

t o  be more b~ominent.\~n addition, moaauremrpt~ts wipe 

c m ' i e d  out a% a neucMn enerm of 980 kev for scaCte~8ng 

The expwimn$dL errrmgemnt used %OF mebswiag 

the plghht-left asyzmtriea was aim%la& to that onplopd by 

get ehmbep warp ogsnnscted to the ganePeto~ beam tube by a 

mtaL bellows. which slloved the chamber to be rotated 

m c t ~ ~ d  the born d i ~ e c t $ ~ n  d ~ l m  b 0 r p b ~ ~ r ~ 8 n t . e  This, foe 

~ B L I I ~ F  slr oool%ng of t l~e target perrnltttld 6 parap 

ppotarn beam tx be used oves a pariod'ef' a few h1~1-d 

hows before dete~fs~at+on of the ta rgot  see jtn, IgeuWons 

emitted st a l a b o ~ a t o ~ y  ,fmgle of 50' w i t h  reapeat to  th@ 

pmton born we~a collPmteb by a p8FSPFbn ahield. The cox? 

%%motor hs%s m e  tapered Q U Q ~  that the e i 9 ~ e o t  nsuat~sn bosm 
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FIG. 1 

Top view of the experimental  arrangement used f o r  a s ca t t e r ing  angle of  5s0. 



I so~a'Pd not str%k@ my pskt olP tho eoSBima.t;o~ srprrfaae egsgsosed 

$0 the ~ountexs~ The e r n ~ ~ y  apx~ead of the noc0Won~ In- 

of Re. The hro ooluca reduced to proton bomba~dln~ 

energy sf 2@3 Mov wwe . .. -80 kev and 92 b w s  
..f ' 

_I . 

Tho scattk~ixag samples w e m  in the fom o f  right 

c L ~ o u P a ~  cYl%nderk,. most o f  'which hsd lengths of 6 em Bnrd 

d4euaeto~e bakween 164 and 2.5 am. Three. of the l e a  emth 

+ 'Piale raaatlao~a wf bh t o  tmnk Fa, M, Spesddftng of' the Anea 

. .'I the, loan of the ~ a @ 6  eeths Sm. Nd, and We .,;; 
. . .  _._.A" - ' . . .  ,. - -- - 

4 - .  . . 

b n g ~  Tho liquid Bc and Hg as w6lP as %he powdered 1-b, aha 

all sampEess. exeepe. the urmfum mmpl@' OVOP the* en$-@ 

ttuwom'.ae,ap;tefped $l&mgh the mag%@ 43 wwe dep- 

. .* 
. ,  tected regth a oglindriaaf p~o$ortlonal ocranter. The o o u n t e ~  

. ' .. 

was fi12sdwith floe atmosphe~es of I'~y&ogeh for the 380-k6w 

ksv tlieaeuwnentai The' c o u n t e ~  ij&sea."tmre ~ e o o ~ d s d  an two 



4 
Bowe~ enexygy @xpe~~Qrnza& tho dA.~~okWmtof~ I8'98la ~omesportd8d 

$0 F O ~ O ~ P  one~~~fh@h% sf 208 lsev and 150 kow rospeactiwePy, 

&F the masuruwnts a2 the hlyhor mw;y the o6wcspondirg 

Figwee me 300 k@v and 570 ktpIPq 

The oomtorp frtaa w o ~ t e d  upon a mvab3.0 suppebkt 

vlafoka soald be mtated wad. $ha axles of!' the ~ ~ a m p % o ~  The 

h%ena%ty of 'amy%mna aotatte~ad tlrmqgh a gaven ag9birs mb;: 

dete~nlaed by measuring the number of aounts obtalned w i t h  
. . 

the ,amplci %n bpceitfon for a run dm2ng. t~hioh 'a f ixod ol~apgs 

was cclPectod. on tho Wh;et auad aubtpactin~ iYom t h i s  QL&- 

~ B F  'the C O U ~ P B ~ ~ B ~  .ob%adlmd dwf  lag a Oomeb~pondPPLe run wf t21 the 

smplo removed. Rlght-lsf t IntcnsiQf :ratlo8 were obtafibeg 

by aPtorr~ats1y c a w i n g  out this p~oasdlmre SOP ~figh$ and 

left  scaeee~&nga. Da6kgawund ocunte averaged 20 to of. 

&he nmple4.n counts' at ens foxwasxi essatWr8ng angleeilB and: 

I.. . mgle, FOP th i s  purpose the %~ms~m%rees%on of a sample m a  

qeaowcd caa a faamZion o f  tho  an@lep posf tion of 

06mtm f o p  ac~tte~ in( :  angles near OO. The aekting about 
. ' '1 
bshfcih the t ~ m n i s s l o n  curve l a  eymzet~ic'  could be atom 

nUned within *-9,250 and vas taken to be the OU setting, 
. - 

91%a p~osedwe rma, ~opeeted rssveralll -%%ma dwing the ax- 



men%, suoh a i  %be ocnstanay 62 the dlstanoe i ~ o m  the ampie 

axis t o  6~ aounter. the riehtiiefk aa:,mmtriea of neutrons 

src&kt~i%d oa~bon waa meabui.'ed ?or aetatte~izak angles sf" 

6) t .$Sb. 50@, and 130' at the i ~ m r  neu-n energy. 130 

epphb3able sbgoaaetry Pe expektbd at  tMs energy since the 

00ne~ib~tio6 t o  the ecatberldi by nifutz-om with a n ~ l a r  

&itbiw@d viehin ..the t a t l s t i o a l  uplodrtain6Les of ehe meaaufe; 
( && T&P,.%.k ' 1) ; ; 

, . 
. ..> 7 3 i  ~ d m ~ i e t i o n  06 emii ir I P ~ B ) B O  7 ~sutwne 

. . ..ulo ~ ~ @ t p ~ e ~ &  ii* tpy in the aoatt&+ing 
. . . . 

tioh 61P the lidu'&!6m bo4ng st#atbre8*" %he polas%%atlon za 
7'. . 

cl t h e  Lf (p,n)~)e? neutMns muse b detel2n.d in a 
. . . . 

sepapsta esrpsfiioant. Meas-qts of the polar~ ia~5cn  .of  

98O-ke~ neut~b& a ~ e  ~eported P a  tho f o ~ o t d n g  pa$s~. Paw- 

rious meaeurenei%s2@2) at  380 key have been repeated. A 
.7, 

vaXltlrae, of x3 a -0.38 2 0.0& wee found. for neueppow em1 t ted 

. . 

4 
'Fhe poet t i v o  dbeot lon  o f  ,the polw%petion is 4ra tlae 

cllrceth of the v e o t o ~  n k hoe whfp~e k arad k, ars %he 

'propagatlon veats~rs ok th4, sratgplng agd %ncfdent beams 

respeoeclivelg. 

beam direetSone Thia value i s  craaellstent wl th  OkaWILaa 

reau l t  of -0.41 f 0.02. ~t ttae hfgktp energy a value sf 
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4 = -,30 - *02 :was used. The quoted W P ~ P  l%rm%ts BncBuds 

add%$fon $0 the usuaX s;tatf%sb;i@a% m a e ~ t a h t % e a ,  aanoer- 

tafnties fn tho calculation of P(B) of the oxgpra anolgew, P 

e r s ~ o ~ a  h the detemhatf an of %he Wtpt th'bcknessss, and 

&sertaintiea ~ n e  h e ~ ~ p l e  aoottertng aorrections. ~t . 

both ons~:;iea I t  was nasumod that PI daos aot vmy . w i t h  

ene~gy over the enww apgaWum of the neulkons. ' S % m e  rat 

the lo we^ onexy:y p~evioua mnarnetrtente suezest t2ia.e PI m y  

vwy roapidly w % t h  energy the8 aaaump&llsn %ne~oduaese~ an 

additional uncertainty in Px cP 6:: of l t e  value. 
, 

.4, ne~aIt8  md Dhae~tmfsn , '  

kuEca heavy eP@mnts aummBnsed fa T & b 8  H onti I X a  . S%ZIO@ 

Qlsros baas bse$.&$ws werce Prsmd, the valta@so used ape tho80 

]hav&ng the strseslkep e t a t l a t ~ e a l  un~errtaflnty, Tlaeee %~atSla~ 
. . 

we~s th@n e o ~ ~ e c h e d  POP the vm%atisn o f  tho neutmn $?Lux . , 

aomarss. the rr&mPe and fop the eff@t& of ne~ut~om8 ~cmti te~ed 

muRtbbpXa soattorsfng f e  sfm5tba~ W that usqd by Walt md 

~apec!~e'll . ' l  ka, malcang thZs comection . . .  . it 'was .eesiamd that 

the r a c i l t f  ply oaat$ered raeutmndj exhila8 % ' no . pof ghQ;-l&l% 

of ine~easlag the mamftude oP the m a s w d  polwizationo. 



psoted v a l ~ e a  of P2 are ~ i v e l a  inme l a s t  thee@ co luma of 

TabBse I and XI, 

R71a aasmpt%cn that the multiply s c a t t s ~ ~ d  mu- 

same3 jus$if%cat$oae 1% wae teatebjl by ta nufie~Bca'Sb CB~COBBQ=J 

efan O E ~ ~ B  n ~ l ~ b e ~  of dbpblg a e a t t e ~ s d  n w b w n ~  in ~1. vhe 

 eela alto of %hBs cnlouIptPcn '~rulica~sd t h a t  if the singly 

l a soa$.&e~$mg arbel@ sf 'BQ@* ths doubly sekatW~ecll neutmwe ' I 

unltg, . In% this ~ I B P $ $ G U B ~  oama9 -. , tihe aasmpt%on theat %iae 

fgnt~edtxsee an em'op Sbn @he mltip"8 matte~ftng ao~psc$Pon 

of 313 ' 01 its value, '  be, the eyepage value OP  lo m u ~ t , i p ~ e  

aea%te~ing com~otion was 25$, rua emor of 8;; has been h e  
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FIG. 2 

Measured p o l a ~ i z a t i o n s  a s  a func t ion  of  atomic weight 
f o r  a  neutron energy of 380 keV. The s c a t t e r i n g  angle 
i s  indica ted  i n  the  upper r i g h t  hand corner  of t h e  graph. 

ATOMIC WEIGHT - 

FIG. 3 

Measured p o l a r i z a t i o n s  a s  a  funct ion  o f  atomic weight f o r  
a  neutron energy of 980 keV. The s c a t t e r i n g  angle  i s  
ind ica ted  i n  the  upper r i g h t  hand corner  of t h e  graph. 



tho pclorfentiona a m  amella Tlav%n;; n nuurf~aun vaPue of 0.%5? 
. ' 

'Pt.,e moat ps~omfnesnt feature of eheae data $8 the peak In the 
4, 

atomic we1l:ht FB!:%OD o f  100 f o p  . .& a o ~ t t e ~ i r a g  . . .  ~ ~ e s  oS 55@ 
.. . 

and 90'. ' b ~ a t i v e i  p c ~ ~ t l & a , & 3 .  bbaoxpved $.n the vicin%ty 

elements foop .all anglee. The 90° data a ~ s  fn F a l ~  ag~csdn~bnt 
1 

.the resalta of A d e i r  and of O I B ~ ~ M ~ .  .rhe mall 

negatfve polariaet$ons in tho nslghb6rilood of A = 75 md 

A = 17.5 do . not appear fin Okareakit s datk, At &fa@ h i g h e ~  

ggcgut~~n energy tlm polarizatf ona QLPCP. 821581~~~ Bn men3 tude 

t o  those sbaa~vod a t  380 ksv, Zlawevsr3 at  tlre higherr @ P B , @ P ~ J I ~  

thore is nope Pr~notrnced olmnp in tho pola~izaticn fn going 

I%ea~mmnta 3r4 llave beon per$orqd fop o neutron 

sf Os5 have been ~ e p s ~ t e d ~  &ad P n  addiitPon the data soem 

$0 exhfb%'b; ca more complex m@~Baa dependen~e, 

The a m ~ g y  ~ipiPeBLCf or the muP;Pon beam rased fa tkae 

of the compouni nucleus for msti of the elstnsnt~ studied, 

~smstsquent'Siy '.the measured po%csnefea&%ona m e  avepc%lf,es owes? 

neutron-nixaleus Snte~mQfon mllihlt bs expected t o  papx.oduce 

t'ne, general. fsatursa of the sbae~vsd  pslarizationo, s9nee 

otller POQ~IAFBS of ti10 neutron-RI~CILBU~ Ineemo LPon have been 



obsekmi ~ M S B  i?eotloma as a ~ o t t o n  of t ~ t o n ~ a  w d g t t t i  

f w  a WU~ZJQO exmp~gy of 386 b V i  ' Qua1ittnB%ve ~esfs1enra$ be- 
. . 

tween the metiawed dnd c a l u h t s d  oe3lues m a  iomd. fbwve~,  

sulte of the present erps~ lmeat~  uehg vsluss of' Che pfa~ameter 

all the vaXues cP q a d 3  trPeB, the ca%oulat.ted ouroea szhPbit 

in the a4;0$0 weftght ~tsglon nesw~ A 300 bat~uetw@ whieh i s  

ss~sooicaed witth the 8plSP;tAng of &he &mf; F-weve rrsrrommw S I ~  



I I 
'FIG. 4 

' Po la r i za t ion  versus s c a t t e r i n g  angle f o r  Zr, Mo, Ag, Ta 
and V. The d a t a  a r e  f o r  a  neutron energy of 380 keV. 

Calculated values o f  t h e  p o l a i r z a t i o n  produced i n  shape e l a s t i c  
s c a t t e r i n g  f o r  a  s c a t t e r i n g  angle of 90' and a  neutron ener  y 
of 380 keV. The curves were computed from t h e  p o t e n t i a l  (1 , 
using  t h e  parameters given i n  t h e  f i g u r e .  The experimental  

7 
da ta  a r e  a l s o  shown. 



t o t a l  smposa sectisn~~ the es~reot amount of" psRer~SLzat%an at  

the A a 100 peak fa  obt.tP3aode l%owverf, the peals is mofi 

Ws namow and the negat5lve po%az?lzrptlhons below A 806 w0 

too lar:p 4n mrgnltude. The peak .can be wldoned by in- 

crears!n(: tho  ?pin-orbfe c o u p l i ~ , .  2ri'whicb coao* however. 

tho pofa~ji~~it%olhg ma too 1barli;e in mp19tade, The ma@$- 

tude of the p~odictod polarizatflone m y  be mduaed ui&lloutt 

8 t r o ~ l . y  arfectlng tho 'width  oP the peak b : ~  ficrensiw tPle 

the P-wava p e a  Sn the total efose eamtion, The bohcav%oe 

a t  the 0 t h ~ ~  ~ C ~ t t ~ ~ g r a g  onGGa $8 slmif~r. Q ~ ~ t p e  ttmt a t  

130" %he ca'lleulated polaai%ati~'aa for 3 3 ape 1 1 a ~ g e ~  tIam 

the mamured h e 8  by an oPdes sf 'naagr8lttud8,. svon .wl&ln 

5 0 0.l. 

The asnperpftaon between t h e o ~ j  and expoleimarat B 8  

s s ~ l i e a t o d  by &Ire feet that the mode% ppedfets only ths 

polmll;etlon of the ainape elastioally soa t to~ed  neralronae 

bo eet'leea %raw accsmt by aasam9~, @im$ t?wy ore on tho 
3 rnvmnap mpolwizeil and that t h e Z ~  mgu%ar dfatrf blation 

l o ,  % ~ J Q Q P Q ~ % G ~  Thie wfll lave .e%8'got of ~ o d u c 4 ~  the 

predicted pollwisoMona in the atanic weight ~ e ; ; l o n  nem 

an@w of 55'. 90°i qnd 13s0 reepectlvely, The am~ant o f  

this ~edlaotfon depend8 upon tho fraotion ~f abas~bod 



an. 

ene~gy of 400 1-V the anmuoat sf z?aducst$sra quoted above 

pob%sat&cn8 s i n c ~ ~  th le  mdel llos already been ahown to 

be uneatasfaato~.  he btroduction a t  nouc~ec~ w e l l s  
' .  . 

eons~dembip improved the agmemMt between the oaloulated 

~ p a ~ m b e ~ s  obtahedl f ~ o m  suak eoraparf son8 sra w@~tca&n to 

the extent &at *he e ~ f e o t  OP a p i d g t  ooup~ing ha* not 

b@en oanaider~d in auoh potatierla. BdLauUt to~  ") for. a 

complex potem8;Zel with ~ o d o d  edges i9urludw e sp%n-~g~bi$ 

eoupling are  in  ~ ~ i p e a e .  
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