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POLARIZATION OF ELASTICALLY SCAT?ERED NUCLECNS FROM NUCLEI
IN THE BORN APPROXIMATIOR'

Warvén Heckrotte

Radiation Laboratbry, Department of Physics
University of Galiférnia, Berkeley, California

April 6, 1954

| Recent experiments on the polarization of high energy nucleons

elastically socattered from nncleil have 1ed'to the interpretatidn of these
results in terms of an effective spin-orbit nuclear potential in addition to
the usual central nuclear potantial used to explain3 the total and experimental
cross sections of the high energy nuclear scattering. A small .spin orbit
potential is snftiq}ent to account for the large polarization observed.

Ag these high energiaa'( ~ 300 Mev) and at least for lightér
nuclei, it has been pointed out that the Born approximation or equivalent
oimple argument82 yield a qualitative estimate of the amount and character
of the polarization phenomena. The tant that the first Born approximation
yields a polarization ie a consequence of the use of a complex central
potential., The polarisation is a result of the selective absorption of
nucleons scattered with spins up (§ = A+ 3) and with spins down (J = £- 3.

It is the purpose of 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
gradient'of~the central nuclear potehtialh. The central potential is taken
to be Vo(r) = (u,+ iw,) €(r) in Mev, where @ (r) represents the

radial deﬁendence of the potential. The spin orbit potential is taken to be
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ya = -Ua(r)a:'-_l\./'li . where Ug(r) = /AaZ% 32; e(r). Roughly speaking,

/U. ‘can be considered as the depth of an equivalent square well of radius a.

. In Born approximation, the scattered amplitude, f£(©), is given by

;’g £(8) = A(8) + 15 n sin © B(8)

where .

A8) = 5 30(8r) Volr) r°dr
2
3() - -k 531(8!') Ug(r) ©° ar .

'ﬁ\ is the unit vector normal to the plans of scattering, k is the incident
wave numbser, g"" 1s the momentum transfér, and §, and J; are spherical
Bessel functions’ .. Using the fact that X Jo(x) = 7;‘2;1 (x* 3(x)) and
performing a partial integration on A(8), one can show that

8!

rygr

‘ | ' o
Accordingly, A(6) and B(@) have the same functional form and the scattered

. ~ amplitude can be written as

| 2£0) = (1-1G motne _X 2/ ) a@e) .
o . u
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The ppiarization is given then by
{ "//
2 2 2 2
= ~2k-a u "o/(“o""“’o) sin @ .
1+(kha /A sin 9)/(u°+ w)

P

The pélarization is thus independent of the shape of the nuclear
potential, except that u,, w, and /u. must be aﬁjusted to yield the total
and abeorptioﬁ cross sections for a particular choice of the radial dependence,

e(r). .The result is also indeperﬁent. of the target nucleus unless such a
dependence is introduced into /L&az (say, for example, a A’ Al/a).

It we take, for example, a squars well, the constants obtained in
fitting the total nuclear cross sections for 300 Mev neutrons are u, = 0
and w, =18 Hev(a. Using /uaz =5x 10&?6 Mev on®  which corresponds to
pz 1/2 Mev when a 1s equal to the radius of carbon, the polarization is

4

given by

P =z - 8.5 sin 8 .
1+ 18.1 sin® @

-The polarization obtained in the Born approximation can be expected
to hol& only for forward scaettering angles. For larger angles the angular
dependence of B(8) relative to A(é) changes sufficiently 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 th#t nodel dependent features of the polarization can be expscted to

appear. In addition, if non—equéra well shapes are taken, it has been found
3 _



UCRL~2538

el
®

that u, end w, must be increased over their square well values in order
to fit the observed cross sectiona, In some cases the increase is sufficient
to invalidate the Bctn appraximatia;.” The results of more accurate calculations
for neutrons and protons'and for a numbé; of well shapes is in the course of
preparation. '

I wish to thank Dr. Burton Fried for a discussion during which the
observation on the polarisabion_1Q'Born approximation was made. This work

was performed under the auspices of the Atoéic Energy Commission.
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