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POLARIZATION OF ELASTICALLY SCATTERED NUCLEONS FROM NUCLEI 

IN THE l}ORH .APPROXIMATION· 

Wa~n Heckrotte 

Radiat-ion Laborat~17, Department of Physics 
University of Calitorn'la, Berkelq, California 

April ~I 1954 

Recent. experiments on the polarization of high energy nucleons 
l . . 

elastically scattered from nuclei have led to the interpretation ot these 
2 

~esults i!l terms or an err~ctive spin-orbit nuclear potential in addition to 

the usual central nupl$ar pote~ial used to explatn3 the total and experimental 

cross sections of the high energy nuclear scattering. A small,spin orbit 

potential is sufficient to account for the large polarization observed • 
. _.... 

At these high energise ( .- 300 Mev) and at least tor lighter 

nuclei, it has been pointed out that the Bom approximation or equivalent 
2 . 

simple arguments yield a qualitative estimate of the amount and character 

ot the polarization phenomena. The tact'that the first Born approximation 

yields a polarization is a consequence of the use of a complex central 

potent~al. The polarization is a result of the selective absorption of 

nucleons scattered with spins up (j : ,R.f ~) and with spins down (j = L- i). 
It is the purpose ot this note to point out that the Born approximation 

result. for the polarization is independent of the shape of the nuclear 

potential if the spin-orbit potential is taken to be proportional to the 
4 

gradient· or the central nuclear potential • The central· potentia! is taken 

to be V0 (r) : (u0 + iw0 ) e{r) in Mev, where e (r) represents the 

radial dependence of the potential. The spin orbit potential is taken to be 
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U 8 ( r) = jJ- a 2 1. _L e ( r) • Roughly speaking, 
r a r 

jJ- can be considered as the dept.h of an equivalent square well of radius a • 

. In Born approxi.mation, the scattered amplitude, t(a), is given by 

2m .....).J .fi2 r(e) = A( e)+ io- •n ain e B(9) 

where 

..,.\ 

n is the unit vector normal to the plane of scattering, k is the incident 
,. 

wave number, g is the momentum transfer, and j 0 and J1 are spherical 

.5 2 _a_ 2 
Bessel functions ·~/ Usin,g the tact that x j 0 (x) = TX (x J1 (x)) and 

performing a partial integration on A(e), one can show that 

Accordingly', A(e) and B(9) have the·· same functional form and th~ scat~ered' 
&Jnplitude can be' written as 

-~ ...lo 2 2 
~ t( e} = ( l - 1 cr- • n sin e k 

8 r< ) A( e) • 
"'"- _ u0 + 1 w0 

' . ..J 
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The pplarization is given then b7 
/ 

2 2 2 2 
p = - 2 k ·a p wof(u0 +•w0 ) sin 9 • 

l + .(k4 a.4 J-1'2 
sin

2
9)/(u! + 

., 

The polarization is thus independent or the shape or the nuclear 

potential, except that Uo• w0 and jJ" must be adjusted to yield the total 

and absorption cross sections for a particular choice of the radial dependence, 

e<r). The result is also independent or the target nucleus unless such a 
2 lh 

dependence is ~traduced into /"a ( ea.y, for example, a IV A ) • 

If we take, for example, a square well, the constants obtained i.n 

fitting the total. nuclear cross sections f'or 300 Mev neutrons are Uo ~ 0 
(3 2 -26 . 2 

and w0 = 18 Mev • Usina jJ-& : S x 10 . Mev ~ which corresponds to 

jJ- : 1/2 Mev when a is equal to the radius of carbon, the pOlarization is 

given by 

I 

p = - 8.5 sin e • 
l + 18.1 sin2 e 

·The polarization obtained in the Born approximation can be e:Jq)ected 

to hold onlJr for forward scattering angles. For larger angles the angular 

dependence of B(e) relative to A(e) changes eutficiently to introduce 

large corrections to the Born approximation result, particularly in the 

region of the diffraction minima. Thus, it is principally in these latter 
·' 

regions that model dependent features of the polarization can be expected to 

appear. In addition, if non-square vell shapes are taken, it has been found 
\ 
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that Uo and w0 must be increased oYer their square well values in order 

to fit the observed cross sections. In some cases the increase is sufficient 

' 
to inva.li<iate the Born approximation. The·. results or more ac~rate calculations 

i 
tor neutrons and protons and for a number or well shapes is in the course or 

preparation • 

.. _,..I wish to thank Dr. Burton Fried tor a d.iscussion during which the 

obserYation on the polariza~ion in· Born approxima.tion was made. This work 
II 

was perfo~ under the auspices ot the Atomic Energy Commission. 
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