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In the analysis of scattering problems involving systems of particles 

it is often desired to describe the process in terms of matrix elements of 

the interactions between the elementary particles involved. As is well· 

known, the impulse approximation permits precisely such a description; that 

is, when the phase shifts for the relevant two-body problems are known 

the cross section for the many body problem is calculable. The purpose of 

this note is to point out that the impulse approximation combined wit~ .the: .. , 

Racah formalism
1 

enables one explicitly to construct an S matrix for the 

overall scattering process in terms of S matrices for ~he elementary inter- "> 

actions, thereby formally reducing the many body scattering to a two body 

process. 

To illustrate, consider a pair of particles of spins s2 and . s
3 

bound in a state of total spin s23 which scatters a pa~icle of spiti s1 

and is left in a state The prototype of such a process is nucleon-

deuteron scattering. According to the impulse approximation the scattered . . . 
wave is the sum of two terms arising from the scattering of particle pairs 

12 and 13, each weighted by a numerical factor (called by Chew the "sticking 
2 . 

factor" ) which measures the overlap of the initial and final state wave 

functions. 

Using an obvious generalization of the notation of Blatt and 

. 3 4 
B1edenharn , the transition matrix may be written 
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q(o' M', s:G; . s M, s23) - i :
2 

'\I( (s' M', s~3 ; s M, s:G) 

(1) 

where s, M and s' M' are the total spin and magnetic quantum numbers for 

the initial and final states respectively. To describe the scattering of 

particles 1 and 2 (or 1 and 3) it is necessary to transform from the s1 , s23 

representation to the s12, s
3 

(or s13 , s2) representation.· When this 

transformation is carried out the transition amplitudes take the form 

ql2(s' M', 8~3; 8 M, 8 23) = ?f~.LLLLL TT .L' j .. · 8 12 si2 . m 

[ 

A 1 1 ~i X (2..t.+ 1)(2s12+ 1)(2s12+ 1)(2s23 + 1)(2s23+ l)J W(s1 s2 s s3; s12 s23 ) 

(2) 

where we have introduced the notation 

(> j ( 1 · 01 n ·)1 0 s 1 - 512 sl2 ll ; sl2 X 
12 612 

r 
is obtained by interchanging 2 and 3 throughout: 

is the S matrix of reference 3 for the scattering of 

particles 1 and 2, and the W functions are the Racah coefficients. If the 

•. 
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spatial w~ve functions of the initial ~nd f~~al sta:te~ are .''fi (r1 r 2 r 3) 

andi Cf+Cr1 r 2 r3) . respectively, the ov~rlap integrals may:,b~· written 

= 

The crucial point,here is the observation that the sum over m in 

Eq. (2) can be carried out. The method'has already been described in the 
. ' ~· ' ; 5·. ·. ) : . 

6 
literature , and only the result will be given here. After the m _,sum has. 

been performed Eqs •.. (1) and (2) take the form. 

lEL> q(s 
I · I I M, s2.3) M .' s23 ; s --

k ,( 1/ 

where 

and 

5 -
with a similar expression for the 1.3 term . 

. I 

J 

n . . i ...• _e. ol , 
(2~+ i) i' A.,.,·.· 

'···•·· ' .. 

(.3) 

(4) 
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Equation (3) is now precisely of the form of the scattering amplitude 

for a two body problem, while Equation (4) gives the R matrix for the overall 

process in terms of those for the two particle interactions. The method may 

clearly be e~ended to systems containing more particles, at the expense of 

a considerable increase in complexity of the final result~ 

By recasting the many body scattering into the form of a two body 

process one is enabled to apply the very general treatments of scattering3 

and polarization
6 

already developed. This method is now being applied to the 

investigation of polarization effects in proton-deuteron scattering and will 

be reported upon at a later date. 
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