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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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Nucleons or low or moderate ener11 which are elastically scattered 
. . . . . l 

· · trom n1lcle1 should be part1.all7 polarized .by' the strong· spin-orbit .. 
·; potential \Uderll1na the _pre<t1ot1ons ot tne &bell m~el or the nucleus. 

'1'b1s ttp~n-otbit potential 1s a coru.utquence of the· ccllect1ve action or 

·ma117 .mt~leou on the·partiCUlar' nucleon~ Tbus tor incident nucleoll$ whose 

.·ltav.le_Dgth ·ie .~tfn' ~n the nuclea:r spacing (B ~SO Mev), it would be 

expected that the sp1~orbit. Potential ot t.he eheli model would make 

itselt· te+t. ·ror prog~sive)3 higher· energiea the incident nucleon begins 
- . ~ 

to see oldy one nucleon 'at a time &nc1 while a spin depeltdence ot the 
,- ' ... . . ~ . . 

· elastic escat.t.ering C.n •~.111 be ~cted,· it would· be more a reflection 
. \ 

. ot ttto 1nd1rt4'Ul nu.cleon~nu.eleon -'itlteraot.ions than ot the spin-orbit potential 
• ' ~' i 

· ot the shell 11\odel.'· It ~1 be .upposed that even at these higher 'energies 

the spill.dependence bas th.e form ot the usual apin-orbit potential. In 
. . . , I \ l;~ • • , , , 

either case this spin d.~ndence ot the elastic scattering can be investigated 
1 

phenomenolJ?gically l,ly treat~ng the interior of the nucleus in terms or a 
. . . ,, " . 2 ., 

spin-d.epend-t complex index or retraction -an obYi.ows gene!'alization ot 

the ()pt,ic&l_ model of the nuc1tnu?. 

l 
Warren Heckrot.t.e and Jo$eph V. Lepore, Unitersit;r ot California Radiation 
Laboratory Report 2152, p~ ;321 March 1953. 

2 \ 
!hie· metbod. bas been suggest.ecl·t.n connection with low energy neutron 

' \ . 

eoattering b7 R. 1:. Adair.·· Printe coi1um.ulioation from X. Yt~ ·Watson. . r . 
3 

$ • .Pembach, R. S~er, iuut 't.' B. 1'a7lor, Phys. Rev. 211 13S2. (1949). 
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For low or moderate energies there is no suitable approximate 

method tor trea-ting tho elastic soatterinc--a pbaae ·shift an&l)"81a is 

necessaey. Aleo, at high energies arrr polari~&t.ion calculations using 
4 

co~er;rt.ional approximation methods are made uncertain by the di.-ect 

c:Mpenclenoe ~ the polarization on t.he phase ot the scattered wave. A 

phase shitt anal.7e1s tor various energies is therefore being undertaken 

on the Univac at UCRL Livermore in collaboration with s. Femb&ch. 

An estimate tor small angles or scattering, tho~ rough at best, 

may' be rea.di4r obtained ... meJd.ng several eimplit,y1ng assumptions.. The 

"magnitude or th~ polarization is given tv 

P - AB* + A*B sin e • 
. - 4~-/d..l'i. 

{l) 

Here · A and · B represent tbe .acatterifig amplitudes correlpo11ding to the 
' ' 

spin ln4epel¥1ent. and spia 4ependent parts or the interaction, respective]Jr. 

The known aper!Jnent.a.l value tor the ditterenti.al c~ss section tkr/d -0-

maybe uaed. The amplitude, 8 ; tor spin. dependent scattering may be 

. estimated b7 uatng the Born approximation. ·then only the imaginary pan 

. ot A contributes to p. For amall angles this is AJY,proximatel.y . 

proportional to the total croa.s aeet.ion;. 

For 300 Mev neutrons incident on carbon, for example, a square well 
~· . ' ' . . . . . . . 1/3 -13 . ' 

spin orbit interaction (.R • .1.4 ~ · 10 em.) ot 2 Mev depth gives a 

polarization or 40 p~~ent at. five 4egreea. Tho.ugh tits 1e probabl;r an 

c;.veref'timate it ~Juggesta tba.t the existence of a SDU:Lll epin orbit inteto-
. ' . t 

action in the .nucl$ar potential will provide larae polarizations. F1nal.l.7 1 

'~ 

aside from the interest ot · :S.nveat1ga.th'll, one more phase ot nuclear" structure, 

4 
For example in the epeciU case ot real potentials the Born approximation· 

alwqe gives a vanishing polarization~ 
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th1e phenomenon, because of the large diffraction cross sections, 

prortdea a rela.t.ively good source ot polarized particles. 

Thie work wae performed. uP.der the a.uapieee of the Atomic Ene1"87 

COllUft1se1on. 
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