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In lead ( Z = 82) the ratio cos2 -3-N/ cos2-ll-NL equals 0.99 and 0.98 for E = 3 x lOT ev and 1.5 x 107 ev re
spectively. 

1S. Z. Belen'kii, JlaBHHHbie rrpoQeccbl B KOCMH'lecKHx Jiyqax (Cascade Processes in Cosmic Rays), Gos
tekhizdat, 1948. 
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THE elastic scattering of both Dirac and spinless particles by a fixed force center was investigated in 
Refs.l to 4 using damping theory. We calculate below, using damping theory, the polarization resulting 
from elastic scattering of Dirac particles. 

The fundamental integral equation of damping theory which determines the scattering amplitude 
f~, = f~, (k') and is relevant in a discussion of polarization phenomena has the following form (we use the 
notation of Ref. 3 ): 

( 1) 

Here E = ctiK is the total energy of the particle and Vk'k" is the Fourier component of the potential 
V (r). 

We shall restrict ourselves to calculating the polarization resulting from elastic scattering of Dirac 
particles by a delta-function potential V (r) = V0c5 (r ), Vk'k" = V0• In that case we have from formulas 
( 5) of Ref. 3: 

where 

I+ • ~ i 
bs' bs" = LJ hs'•"• . 

1=1,2 

( 2) 

1 1 ( k ) I " i(cp" cpl) I " h., •. = 2 \1 + ; rcos a.~ coso •. + e - sin a.~ sin o •• J h;~.· = ; ( 1- ~) S 1 S" [cos 6~, cos s;. + ei(cp"-<P') sin 6~~ sin a;.]. 

We seek a solution of integral equation ( 1) of the form ( s' = 1, - 1 ): 

(3) 

Taking into account the orthogonality condition for h~'s" [see Eq. (31) of Ref. 3] we obtain for Et and 
E2 fromEqs. (1)-(3): 

1 +·a , a1.2 = 4::c" .. k (K +k0 ). 
I 1,2 " n 

(4) 

From Eqs. ( 3) and ( 4) we obtain for the amplitudes f~, of the first scattering 

I 1 61 1 1 • 61 • 

f1 = 2 [a1e1 + a2e2 ] cos 2/1 - 2 [a1e1 - a 2e2 ] e-1<P sm T f _1 , 

I 1 • 61 1 • 1 6' 
f-1 = 2 [a1e1 - a2e2] sm 2 /1 + 2 [a1e1 + a2e2 ] e-•<P cosT f -~> (5) 
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where a1 = 1 + k0/K, a2 = 1 - k0/K, and e', cp' are the angles corresponding to the first scattering. 
The expression for the second scattering amplitude f;{• ( f{', f~1 ) is obtained by replacing e', ql and 

f1, f-1 on the right side of Eq. ( 5) by (} ", cp" and f;, f~1 . The effective differential cross section for 
the second scattering is given in terms of f~, and f~• by the relation 

"+" "+" d~=!i_ ~ c·:rc·.=_!~ 1 v. 12 t1 tl+t-lt-1dnq 
N iJt 'fJ • s s 41t•c•1i• , k k' f+t' + (+ f' • 

k ,s 1 1 -1 -1 
( 6) 

where 

dfJ." =sin 6"d6"drp", k' = k" = k. 

From here, using Eqs. ( 4) and ( 5 ), we obtain the following expression for the effective differential cross 
section for the double scattering of an initially unpolarized beam of Dirac particles (ftf1 + C1L 1 = 1, 
ftft - C1L1 = 0, ftL1 = C 1f1 = 0) by a delta-function potential: 

a (6", rp") = a0 (6") [ 1 +a (6', 6") COS rp"), (7) 

where 

a (6, 6.) = p (6') p (6") = ( V~K• )2 k• (82- 8,)2 sin 6' sin 6" , cos(!).,= n'n". 
' 41t2C21i" 4K• ( 1 + 8i)" (1 + 8~)2 <r0 (6') a0 (0") ( 8 ) 

P ( 0') and P ( 0") are the polarizations acquired by an initially unpolarized beam separately in the first 
and second scattering, n' and n" are unit vectors in the two polarization directions, and a0 ( e') is the 
differential scattering cross section, with damping taken into account, of an initially unpolarized beam of 
Dirac particles indicent on a delta-function potential 

V2K• 2 2 

a (6') = - 0- [~ + ___5__ + 2 ..!!:_ • 1 + 8'8" ·cos 6']· 
0 16""c"n" 1 + a~ 1 +a;~ K" (1 + 8~)(1 +a;) 

It follows from Eq. ( 8) that no polarization is obtained in the first approximation of perturbation theory 
(<51 = <52 ~ 0 ). In the high-energy region k » ( 41t'c1'i/V0 )112 ( c5~ » 1, c5~ » 1) we obtain for the degree 
of polarization in the case of two identical scatterings [ e" = e', P ( (}") = P ( 0')] 

a (6', 6') = [P (6')]2 ,= ( 4~:'/i r 4:.~tan 2 ~ • (9) 

As can be seen from Eq. (7) the assymmetry in the second scattering is due only to the phase polari
zation (f;+f~1 f- 0) resulting from the first scattering. In the case when the incident beam possesses 
only amplitude polarization, £"tf1 - C:1L 1 f- 0, ftL11 = C:1f1 = 0, the first Born approximation gives for 
the effective scattering cross section 

dass'=· 4,.~:t;_s jVk•kl2 {- ~ [(l+ss')cos2 ·~· + ~~ (1-ss')sin26~]tifsd0.'. 
&=±1 

( 10) 

Thus the ratio of the non-spin-flip cross section ( ss' = 1) to the spin-flip cross section ( ss' = -1) is 
equal to 
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