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distributions at 5, 6 and 7 mev do not differ ap­
preciably from the distribution at 8 mev, and the 
distribution at 5 and 6 mev for angles from 70° 
to 90° is in better agreement with the experimental 
curve than curve 1. At 5 to 8 mev, the experi­
mental distributions are identical within the limits 
of experimental error and are represented by curve 
1. The reaction could also be calculated by 

Butler's theory4 , from the reverse reaction Be 8 

(dp) Be 9 • The corresponding distribution at E 
p 

= 8 mev is given by curve 2. From a comparison 
of curves 1 and 2 with each other on the one hand, 
and with the experimental curve 3 on the other 
hand, we can see that curve l is in somewhat 
better agreement with experiment than curve 2 
(especially for angles from 35° to 70° ), although 

it does not differ appreciably as a whole from 
Butler's curve 2. 

It is well known that Butler's approximation is 
equivalent to a Born approximation in which the 
interior of the nucleus is neglected. Our result 
shows that an approximate calculation, which in­
cludes the interior of the nucleus, does not es­
sentially change the angular distribution of deuter­

ons in the Be 9 (pd)Be 8 reaction that is obtained 
on the basis of Butler's theory. 

We mention in conclusion that we have also 
calculated the angular distribution for a square 
well (instead of a Yukawa potential) interaction 
between the proton and the neutron of the nucleus. 
The result is practically the same as the distribu­
tion obtained from Eq. (3). 

I consider it an obligation to express my grati­
tude to Professor V. I. Mamasakhlisov for his 
interest and for a number of suggestions. 
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Polarization of Elastically Scattered 
Deuterons 
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JT is known that the scattering of polarized parti-
cles provides important information regarding the 

spin dependence of their interactions. High energy 
polarized particles ca,.n be obtained by scattering 
on nuclei. The polarization is due to the spin­
orbit interaction. A nurnb6' of papers have pre­
sented calculations of the polarization of particles 
with spin 1/2. Lepore 1 has given a calculation of 
the scattering of polarized nucleons by nuclei 
with zero spin. The present note is concerned with 
the elastic scattering of polarized deuterons by 
nuclei with zero spin. This problem is similar to 
the problem of triplet nucleon-nucleon scattering2 

The polarization of a deuteron beam is character­
ized by the three components of the spin vector and 
the five components of the symmetric second rank 
spin tensor with zero trace. Before collision the 
deuteron is described by the distorted plane wave 

'P'o = exp [i (K0r- o: ln 2Kr)] X0 , (1) 

where Xo is the initial deuteron spin function. 
Polarization of the ingoing deuteron beam is char­
acterized by the following quantities: 

P in = (xoSx.t ), 

where T ik is a symmetric spin tensor with zero 
trace: 

Tik = 1/2 (SiSh + SkSi)- 21a ?;ih: 

(2) 

the constant v..= Ze 211/Kfi. 
For the purpose of obtaining the scattered ampli­

tude the wave function of the system must be ex­
panded in a series of eigenfunctions of the operators 



LETTERS TO THE EDITOR 975 

J 2, ] , L, S, where J = L + S; L is the orbital z 
moment of relative motion and S is the spin of the 
deuteron . Such an expansion of the wave function 
is accomplished through the use of projection oper­
ators2: 

ITt = [/ + 1 + (I+ 2) (SL) 
(3) 

The usual method of calculating the scattered 

amplitude 1 •3 gives 

+ (SL)2J I (I+ 1) (2! + 1); p (0) =A (0) + B (0) (Sn) + C (0) (Sn)2 ( 5 ) 

m = [ l (l + 1)- (SL)- (SL) 2 ] I l (l + 1); + 1(2D (0) {(Sk0) (Sk) + (Sk) (Sk0)}, 

II! = [-1- (I -1) (SL) + (SL) 2] / l (21 + 1). 

These operators enable us to write the wave func­
tion of the system in the form 

where k is a unit vector parallel to the momentum 
of the i~going deuteron; k is a unit vector parallel 
to the momentum of the scattered deuteron; n 

a; [ u+ (Kr) 
'¥ = ~ (21 + 1)'1•i1 At ITt 7;:-

1=o 

(4) = ( k0 • k] I sine; 

1 co { (. 2 a av? ) 
A (0) = -K '' 1 exp (i/3!) sin 13! Y~ + ic+os1 --=-,---=-Z::o (21 + 1)''· a (cos 0) 

( 2 coso aY7 ) + (21 + 1) exp (i/31) sin 131 'Y1- 1 (l + i) a (cos O) 

. _ . _ ( o 2 cos o a YY ) } . 
-exp(t131)sml31 \Y1--l- a(cosO) ' 

00 

- i sin 0 "' 1 { 21 + 3 . . + B (0)- -K- L.J ,1, 2 (I+ 1) exp (t/3!) sm 13 1 
l=o (21 + 1) 

21 + 1 . o . 0 2z - 1 . _ . _ } a Y1 
- 21,(! + 1) exp (t/31) sm 13 1 - -----u- exp (t/31 ) sm 13 1 a (cosO) 

00 

1 "' 1 { 1 21 + 1 . 0 0 (;(O)=yL.J ...L , 1, 1 + 1 exp(il3t)sinl3t- 1 {l+i)exp(t1~ 1)sinl3 1 
1=0 (2/ 1 1) 

1 } { a yo + Texp (i13i ) sin 13! l (l + 1) YY- 2 cos 0 a (co: 0) } ; 

00 

D (0) =- ~ ~ 1 ,1 {, +1 
1 exp (il3t) sin 13t 

l=O (21+ 1) • 

21 + 1 1 a yo 
- l (/ + 1) exp (i/31) sin a7 + 7 exp (i/3!) sin 13! } a (co: O) • 

where or. 0~. 0 l are scattering phases correspond­

ing to the total quantum number j = l + 1, l, l - 1. 

<Tik> iJr = Sp {[1/2 (SiSk + SkSi)- z;al3i,_] p}. 

Two special cases are of interest: a) the polari­
zation of an unpolarized incident deuteron beam, We can now calculate the differential cross sec­

tion and the polarization. It is convenient to use 
a density matrix4 •5 for the calculation of these 
quantities. For a deuteron beam this matrix is5 

p = 1/a {1 + 3/2 (PinS) (6) 

so that Pin =Sp(Sp), 

and b) the differential cross section for a polarized 
beam. In the first case the polarization vector and 
the polarization tensor will be expressed as follows: 

4 Re [ (A + C + D ~) B*] (7) 

p = 3 (dcr I dO)o n = p (0) n, 
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+ P 2 (0) (k0ikk + kik011 - 2 / 31lil< cos 0) 

+ Pa (6) (koikok - 11allih) + P4 (O)(kikk- 11alluJ• 

p (O _ I B 12 +I C 12 + 2Re [(A+ D cos 6) C*] .. 
1 ) - 3 (dr;rl d0)0 ' 

(e 314 JDI 2 cos6+Re[(A+C)D*] 
p 2 ) = 3 (dcr I d0)0 

- 1/41 D 12 - -.-1- Im (B* D) 
p (O) _ SID 0 

3 - 3 (dcr I d0)0 

- 114IDI2 +do Im(B"D) 

p 4 (O) = 3 (dcr I dD.)0 

In the second case, 

dcr I dD. = (dcr I dD.)0 + (dcr I dD.h + (dcr / dD.)2; (8) 

( :~)0= I A 12 + ~ I B 12 + ~ I C 12 + ( co~2• 0 + ! ) 1 D 12 

4 2 
+ 3 Re [A* (C +Dcos 6)] + 3 He (C*D) cos 6; (9) 

(10) (dcr I dOh= 2 Re [(A + C + 112 D cos 6) B*] (P inn); 

(dcr I dOh= {I B 12 +I C 12 + 2 Re [(A+ D cos 6) C*]} ninn <Tik> in 

+ {314 1 D 12 cos 6 + Re [(A +C) D*]} (k0 ;kk + kikok) <Tik> in 

+ {- 114 1 D 12 +(sin 6)-1 Im (B* D)} k0 ikoh <Tin> in (11) 

- {1/ 4 1 D 12 +(sin 6)-1 Im (B*D)}kikh <Tn) in. 

The cross section for an unpolarized deuteron 
beam is given by (9), whereas (lO) and (ll) result 
from initial polarization of the deuteron beam, with 
(10) corresponding to the polarization vector and 
(ll) corre~nding to the polarization tensor. 

I take this opportunity to express my thanks to 
G. R. Khutsishvili for his interest and for valuable 
discussions. 
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Charge Distribution of Mesons in 
Nucleon-Antinucleon Annihilation 

A. I. NIKISHOV 

(Submitted to JETP editor February 16, 1956) 
J, Exptl. Theoret. Phys. (U.S.S.R.) 30, 1149-1150 

(June, 1956) 

B ELEN'KII and Rozen tal' 1 have studied the 
production of stars in antinucleon annihilation. 

On the basis of a statistical theory of multiple 
particle production they calculated the proba­
bilities for processes of different multiplicites. We 
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present here the charge distribution which is cal­
culated on the basis of isotopic spin conservation 
(see Refs. 2 and 3 ). As usual, p and n denote a 
proton and a neutron, while p and n denote an anti­
proton and an antineutron; annihilation products 
( 77-mesons) are denoted by the signs of their 
charges. The charge distribution for p n l.s obtained 
from the distribution for pn by reversing the signs 
of meson charges. Table I shows the subdivision 
of processes of given multiplicity according to the 
charge states. If, for example, the annihilation 
cross section for pp into two mesons is a 2 , it can 
he seen from Table I that 0.16 7 of this cro~s 
section is due to the process p + p -> 77° + TT and 
0.833 is due top+ p-> rr+ + rr-. 

If statistical theory is not used hut only con­
servation of total isotopic spin, the charge distri­
bution for a given multiplicity can he obtained 
only for processes that are characterized by a defi­
nite isotopic spin T, its projection T 3 and a defi­
nite Young scheme 4 • Such distributions are given 
in Refs.,S-7 for two and three mesons. We have 
done the same for four and five mesons. The re­
sults are given in Tables II and III. The Homan 
numerals at the top of the Tables indicate the 
Young schemes which correspond to the numerals 
in the Figure. 


