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In the paper formulae for the angular distribution and its asymmetry are presented.
The expansion of the angular distribution and its asymmetry into Legendre polynomials
provides information about the contribution of the selected partial amplitudes to the asym-
metry of the angular distribution. The restriction on the asymmetry coefficient 4(8) which
follows from isospin conservation in the reaction 4(a, b)B is also presented.

Let us consider the direct transfer reaction A(q, b)B. When the spin-orbit terms in
entrance and exit channels are neglected, the angular distribution of the momenta of the
particle b is described by the formula [i],

do ity Ky 2Jp+1 pim 2 (1)
do  Qahd)i k, @I+ @S, +0 /P

Isjm

Here, k, and k, denote the momenta of particles » and q, respectively; Jp, J, and S,
the spins of nuclei B, 4 and a; / and m the orbital momentum of the transferred particle
and its projection on the axis of quantization, and s and j denote the spin of the transferred
particle and its total angular momentum.

In the standard analysis of experimental data the angular distribution (1) is computed
by means of numerical Code (Julie, DWUCK). The computed reduced amplitude Bi'," is
given by the formula.
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In this formula the partial amplitudes f,ff,’ L. are given by the suitable integrals:
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kk, A
where 4 and B denote the masses of the nuclei 4 and B.

Formula (3) as written, is known as the zero range approximation [1]. x;, and y,
are the partial waves of the distorted waves in entrance and exit channels. Gy (r) describes
the bound state of paritcle (¢—b) in the nucleus 4 when A(a, b)B is a stripping reaction.

The computed angular distribution itself cannot give any information about the
contribution of the selected partial amplitudes, but its expansion into Legendre polyno-
mials can. It is the aim of this paper to find the formulae which describe the expansion of

do . .
o into Legendre polynomials.
)

The coordinate system in which we will describe the reaction is shown in the Fig. 1.
The momentum of the particle a, k,, is parallel to the z-axis, and the y-axis is perpendicular
to the reaction plane. In this coordinate system we obtain [2]

Vi (k) = Ly(4m) %60 _rg, 00 @

v

Reaction plane

Fig. 1. Coordinate system for the reaction 4(a, b) B

The square of the reduced amplitude can be written as follows:
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Formula (5) was obtained by adopting the well-known formula for spherical har-
monics [2],

Vil Y k) = (— )" Y L L, A (4m) ™ x
A
x {LyLym—m|A0) {L,L,00[40>Y(K,). (6)
The sum over index m can be written as

N (=) Lylm—=m|L0) {L,Jm—m|L,0) x
x {LyLym—m|AQ) = (—)lr T Lo I=Laf j=1
x Y (L,LO—m|{l—m) {IL,—mm|L,0) x
x {LyLym —m|A0>. @)

In order to obtain formula (7), the following symmetry property of the Clebsch-Gordan
coefficients was used:

(Lylm—miLOY = (—1)e="f j~1x
X (L L0 —mil—m). ®)

Bearing in mind the relationship between the Glebsch-Gordan coefficients and the Racah
coefficients, formula (5) can be rewritten into [2].
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Taking into account the relationship between the spherical harmonics and Legendre
polynomials [2]

Yothy) = A(4n)™ 1P (k) (10)
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and that the L,+L;— A is an even number, we obtain for the sum of the squares of the

reduced amplitudes
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Formula (11) can be written in a more compact from when we use the so-called

Z-coefficients [3],
Z(a, b, c d; ef) = abéd {ac00|f0)> W(abcd, ef).

(12)

Bearing in mind formulae (11) and (12), the angular distribution for the momeénta of the

particle b can be written as follows:

do Halty ks 2J5+1
[ — X
do  Qrh*)?* k, QJ,+1D(2S,+1)
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We define the asymmetry of the angular distribution A4 (0) as

14T do do
Al = -] —1| — | — .
2] do |, do |,_¢
Then, formulae (13) and (14) give
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In formula (15) the sums over L, L., L,L; obey the following restrictions (which follow
from symmetry properties of the Clebsch-Gordan coefficients)
L,+L, = odd number
L,+L, = odd number (16)
r

odd number.

When there is no transfer of angular momentum / = 0, during the A(a, b) B reaction formula
(13) can be written in the simpler form

do Halp kb (2JB + 1) n
- = 3.2 7 a P (k)
dw @nh®? k, QJ,+1)2S,+1)
with
ay = % ZLf(L;)2<LaEaOO§AO}flfﬂL‘,f;{'..L'n
-3 Lﬂ’
(471)1/ *B
Jrate = *k‘a“kb y XLa(")GOjj(r)XLa(r)dr a7
(4m)'* B
fL',,L'a = "kjk‘b Z XL'“(r)G()jj(r)XL'a(r)dr)‘

In many experimental papers on direct nuclear reactions the asymmetry of angular
distributions is treated as a fundamental property of these reactions. It can be shown,
however, that under special circumstances the angular distributions of the products of
direct two-body reactions must be symmetric. Let us consider a reaction A(a, b)B which
proceeds with isospin conservation. Suppose that the particles B and b belong to the same
isospin multiplet I,. Let one of the particles, 4 or a, have isospin equal zero. Then, if
isospin is conserved in the reaction A(a, b)B, the following selection rule must be
fulfilled [4]:

I+2[,+L,+¢ = odd. (18)

In formula (18) 7 is the total isospin and ¢ is the total spin of particles B and 5. From
the selection rule (18) now find that L,+¢ is odd(even) when I+21; is even (odd). This
means that when selection rule (18) is fulfilled, then (16) cannot be satisfied and a, (odd)
is equal zero. The selection rule (18) can also be used to verify isospin conservation in
nuclear reactions [5].

The obtained formuale (13) and (14) give the expansion of the angular distribution
and asymmetry of this angular distribution into Legendre polynomials. In many analyses
of the mechanism of the nuclear reactions the expansion of the experimental angular
distribution into Legendre polynomials is included. A comparison of experimentally ob-
tained a, with their theoretical values may decide which direct mechanism dominates in
the reaction A(a, &)B. All information about the selected mechanism of the reaction
A(a, b)B is included in the integrals (3).
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