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The present paper is a continuation of pa:nper:\l"3 where the relativistic

three- body problem has been discussed, Using the equations for the transijtion
operators we obtain a system of equations for the scattering amplitude matrix
elements, In particular, the approximations for three-particle scattering amplitudes
are considered which appear to be respectively valid for the cases of strong
and weak coupling inside two-~particle bound states,

We shall consider three relativistic particles with different masses &, , n
and m, , Assune that between the particles there exists only pairing interac-
tion what allows us to use the results of the previous papers, In the present
paper we employ also the Jacobi coordinates in the x~represeniation and the
momenta conjugated to the latter,

Earlier3

it was shown that the S-matrix elements are expressed In terms of
the matrix elements of the scaftering amplitude as follows:

Su =%mp +Ty (1)

Tu can be written in the form

+0 0
Ty = Xy My X (2)
where M, satisty the equations
= 3
¥, j"‘a“ﬂfﬁ".ﬁlﬁ“g- (3)

Here ¢, is the two-particle Green function; K are the pair kernels, and
x? is the solution of the two-particle Bethe-Salpeter equation for the i-th
two-particle subsystem, In this paper we restrict ourselves to consideration of
¥, determined by eq. (3).which were denoted in ret> by W because the
use.of the secofid type operators M, has glven us so far nothing new., As was

noted . earlier the operators can be also determined by the following relations

g, ¥, e, =g, (KK )g= g®-K dg, , (4)



where g is the full three-particle Green function, and
B =go+8,K, g, - (s)
From (4) it is seen that

g, - (6)

g.I“ g = g:"n‘ k

]

The M, determined in such a wﬁy do not practically depend on the second

index what indicates that there exists some connection between the I“ for

various j ., From (6) it follows that eq, (3) can be rewritten In the form:
g = (K=K )+M g K-K, ) (7)

Thus, we have obtained a system of uncoupled equations for all I .

In what follows we shall restrict ourselves to consideration of the problem
ot scattering of a particle on the two-particle bound state, We are going to
consider two approximations:

1. Weak coupling inside the two-particle bound state. In that case the bound
state mass pl<m‘+mk and n, are of the same order that n’+mk.

2, Strong coupling, In that case B, Km, +m + Consider, the first case,

1 x
For definiteness we write down, e.g. the equation for M, , Owing to (7) we
have

I“-K2+ K8+H“gl(l(’+|(.). (8)

Due to weak coupling we neglect the interaction inside the bound state putting

€, =8, . A formal solution of eq, (8) in our approximation is of the form
W= (K +K )¢, ( K2+Ka))~l . (9)
Taking into account that "
~1 -1~ 6
K= T, (14g,T)) PT =8, T, (10)

where "f' is the two-particle scattering amplitude, we obtain

M = X T

(11)

n~ 2. ‘goTk goTl cee
ifkmas n

The expansion (11)Is an expansion in multiplicity of Interactions, So, e.g. the
first two terms correspond to the single scattering of an incident particle on each
of the particles forming the bound state, the second two terms correspond to the

consecutive scattering first on one particle and then on another and so on,



Of special interest is the case when muitiple scatterings may be neglected,

This occurs, eg. In scatlering of a nucleon on a 'deuteron at about 100 MeVv

energy in the cJn,s, of the deuteron, Then

siate accompanied or not accompanied by decays
as well as scaftering processes with production or without production of a bound
state, Notice that the considered approximation is a

direct analog of the ifnpulse
approx.imatlons.

Now we go over to strong coupling, The approximations we are going to consider
would be justified, provided either u<< D+, or m , m,+ = ., ubeing finite,
We obtain quations making use of the transition R,,m, 4 w

3 + In doing so, the
free term of the two particle Bethe- Salpeter equation vanishes ( 8o~ —L1  for

m.m
sSpinor particles, ¢ 0 ~ for scalar ones), Then for the two-pax'ticl:le2 Green

L +a
€ x y).3 22 (x)op ) (13)
® Pw"‘/pf" B+ e

where 0;1(; ,) obey the equation
"o 1 - - -~ - Boo- - 14

wP‘ (ll)E(ngo(Pi x'u')l(‘(l:'l u'v})wp‘(v')dn]dv‘ . ( )
Starting from the equation for ¥, (7)

Wwe can obtain equations simultaneocusly
for the matrix elements T“ and T

1o+ Indeed, fr‘om the connection between
¥, and Mo € g, N ¢ - B Mgy

o~ .2, n -~ —~ e
Ty (Pp‘p,p’) = fo;' (X, x‘x-’)ﬂu X-y i;x!y‘ ) x

(15)

+ ~ - —~ - -
XX 0n (Y5, ¥, JdXdvdx dy dt &
RN !

In ‘addition

e, a o~ - ~ -

T, (Pp,3) -fo"i‘ (X% T, M (X-V,% 1 ¥ ) x (16)-
+ . - .
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where

° - - -n’x-n:'l:?l -
xp;';' (X5, x)= e f y_‘:PH".’.. @) (17)
n '"’x-'D| y . » -
xp;' (Xx‘r| )= e @ :.,71""':. (x‘). (18)
Here we notice that when the masses of particles entering the bound state are
equal to intinity there is no reason to consider the amplitudes for the produo-

tion ard the decay, since they are all exactly zero, However, we assume that
Bp<¥m, , p<m, but m:'m2<' then 'l‘m and ‘l‘lo differ from zero and can be

approximately found by means of T, at mm, e .

Teking into account eqs. (7), (13) and (16) we get the following equation:
am - Bm I, -13 -t~ o~
Ty (PB,))=<K-K, > (P, p,)+2,(2v) JT, (Pp p7) x

TP+p )< K=K, >y (PF7 97) ) '(19)
dp”

x e
%Po +'|3:'° - \/{!ﬁ.?ﬁ”]’ + u:’ + e

where
<K =K, > (Pp B0 = (x (K K, )x
(20)

<K -K >“ (P 2/p )= (x (K K, )x) -....)-
l

The scattering amplitude matrix elements T, from eq. (19) are,obvious-
1y, approximate for the case <X o + o, . Making similar calculations and

using eq. (15) we get \
no. ey ~18 nn’ e roos
T,o (P, 1"1') = <K-K > (Pp' P, )+ () ..E‘JT" (PF ") x
n (21)
S(]LP +p VI<K =K, > (Pp"p'p')
X d'p;"
M o M v
2P e oy M 13
o+ By VISP +B s

T, entering this equation can be taken out from (19), since cprrections to
it (because of mm < e ) will be of higher order in the expansion in the

inverse powers of the masses of particles forming the bound state,

In conclusion we note that if, instead of the pole expression for g (13)
we took into account the scattering states, then we would not able to obtain a

'



Separate equation for T, . Thus we have shown that in the case of strong
coupling the equations for the three- particle scattering amplitudes are noticeably
simplified and reduce to the multichanne] two-particle Llppma.nn-thwinger equa-
tions,

We would like to exXpress our gratitude to Prof, A.NTavkheudze for useful
d.lscusalon.s-.
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