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1. Introduction 

In this paper we develop a new adiabatic apto~~t/repor­

ted _in. [1-3 J to the solution of. the three-body sca:ttering prob• 

lem for an appropriate class of pair sb~~t:rang~ ~~t~ntials. 

It is based on the global adiabatic repreientation bf ihe-ih~ee­

body wave function 1-V , consisting of the sum o~. Faddeev•s · 

compo~ents Fcl, ( <l=1,2 ,3) in the c~nfiguration space of the 

c.m. relative moti<.1n \~ -== k,"~} E 1R 6 , { 0} lo~:auy i~~mo·;_ - _ 
.,. ,- ' -i ' .. A, ·1 ,: . ' • 

phic to _the manifold M : { X, X r E IR+ X M ' defined as . IR;~ 
St>< 6 a. x S"' or IR/- x S ~ x 5l!.. -In the prese~t ~pproacb -the 

correct boundary condi ti~ns corresponding to all !possibl~ s~,~~­
te~ing processes' inc,ludin~ both .the break-up andl ~tarra~gement 

on.es, automatfoally .follow from Faddeev 's_ integ.ralil .equat~~n~t _ · 

Thus, it is also a certain generalization of l41, where the 
' : , __ , . ", ', . :·:··, :·:, ' . •' ?· , ... 

adiabatic set~up bas been used for a correct formulation of 
• ~ , , ! , • • • f 1 J (.·:: 

the scattering theory in the three-body charged system below . . - l . 
the threshold of break-up. 

• , . - . - I .: . - .. -
The ad_iabatic description of quantum systems·, leads to a 

, . . I 

modern geometrical treatment of the scattering prbblem. The 
,, . •. • -,- ·. , . - ·- ., I • . . .• -

use of the by perradius X ; (X R, = X: ~ ~'). as an 'in~arian t adia:-

ba tic variable. in M and decompo~i~ioJ:i .o:f the \o;a~ ·Ha~~l;o:nian 
' - - . ,-. : - . ;,..... . ' 

into the slow and fast ,parts H = H 500 + H f(X; 'f) · enable 
• . ' -. . , - , ". . . . .. ,. , I , ·,: -'I.·:· 

us to introduce the global adiabatic basis (P = Q1(X; X) in 

the fr~mewo:'k of a Rilbe~_t_ fibre ·bundl,e Jf( B, ~ 91) -_ . Here _ 

B-= R-t 3 X is the base, universal for all Faddee~'s compo ... _ . . . . .CJ' , ,. . - . . ' : . , .,_,.. ·.. A 

nents _fJ-., ::Jx is the t,ypic~l fibre ,isomorphi? .. tp. i_ ~ (~'.· J_MJ 
with appropriate measure OM and inner sca~_ar products 

l.._• I•/' • Each fibre is spanned over the orthogona~ and complete . 
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set {cpt} of the real analytic eigenfunctions of the .fast 

Hamiltonian Hf , while g;': :Jf- B is the projection Jf 

into the. corresponding point XE. .B • Moreover, the;e exist 

in Jf a natural connection A: Aij{X) =-i~cf:'t lox\qfand a 
. . 0 ' 

parallel transport operator ti (X, X) related with it and 

acting from Y;. to ~ • When the corresponding to A 

curvature SA vanishes and the projection 91 is a trivial 

one, the basis set { cpi.} is globally defined [2]. 
Based on the above global adiabatic. representation and 

correct boundary conditions we have consistently formula.ted.the . . 

three-body scattering problem by reducing it to the mult·i .. 

channel one for the"slow" radial ~yste~ of the gauge type and 

the parame:trtc quasiangular one in the fibre ¾ describing 

the fast motion. We investigate also properties and give the 

complete classificatio·n of the states Ii> of the global 

adiabatic 'basis ~ Cfq} by introducin~ the special block struc­

ture of the :parallel transp~rt operator t/ , which· defines 
. t -

a direct decomposition of the Hilbert· fibres ~.,.. 9,; (£) !f;. 
The introduced decomposition of the complete set FPd of 

the basis states in the f~rm cp-=- cpt@cp_ corresponds to 

different asymptotic behaviours of the eigenvalues G· (X) of . . I 
the fast Hamiltonian Hf; G+(X~o0),;;;.,.Q and G_(X---cO)-<. 0 • 
The potential curves (or terms) O+ {OO) and ~- (00) re;.. 

produce all threshold peculiarities of the three-body system 

including"the break-up and cluster ones, respectively. Thus, 

the basis functions cp are responsible for two different 

types (:!:') of channels: cp+ correspond to the break-up surface 

functions and cp_ correspond to the cluster surface functions. 

!{,,:·:. 2 .,J, ,i ;', ~ i j 

,,·1 .. 

From the physical point of view, the existence of the unique 

basis cp consisting of cp-t and cp_ is due to the fact 

that all static pair interactions '¼. .of different fragments 

constituting the three-body system are contained completely 

in the fast Hamiltonian H;=HJ+f ¾ . Owing to the unique .ba-
1 ' •• : • 

sis and the compatibility conditions of the physical isympto~ 

tic solutions of the.Sch;Hdinger equation with the known bo~n-
'; ' . . ' ' . " 

dary conditions for the FaddeeV'COmponen~s, we can formulate' 

the three-body scattering problem taking in\o ~cco~nt all' 

possible processes, including not only the rearrangement ones 

but also break-up processes. It is worth noting that in tbe 

alternative.appro~cbes [5-7] - dealing with different sets 

of thc·local adiabatic surface functions in the more ~o~pli-
, ' ' . 

cate SchrBdinger picture, th~ question about the'orth~gonality 

and completeness relations for these sets ·remains op~n. In 

our approach the above relati~ns .are satisfied automatically, 

si.nce we are w~rking with the t~i;ial projection .lj( of the 

Hilbert fibre bundle' 1f • 

The above assertions give us a more clear knowledge of a 

more subtle situation with the Co'ulomb potential' in' th'e .or
0

di­

nary adia~atic approaches in'i ~iated in [ 8] .ActuaHy therein,~s 

a rule, one deals only with .cluster Coulomb ~urface: functions \ 

like q:J_ and a misty view appears tb'at states like cp+ ' are 

absent. This feeling occurs, because usually one considers . only ' .. , ' ' 

~ri asymptotics of the surfac~ f~nctions with a fixed 1 number l . . . .. 
in the limit of' X tending to infinity. While it; is obviously 

that th~ denoi ty oi tbe basis states becomes sufficiently high 
' .. ' ' ' 

if the number l goes to infinity with the same' velocity as X 
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As a resul't ,- We immediately get such basis" states, which cor­

respond to the break-up ~urface Coulomb functions like·· cp+ 
For an appropr:iate class of pair short~range potentials. the 

above ·1i~it tran~formation pr~ctically· coincides with the 
.. · . i 

fainous conversion of Jacobi polynomials into Bessel functions 

[91■- This fa6t is taken for grante~ also in our geometrical 

construction of the· consistency conditions for the c'onnection 

coefficients diag A~ , _which provide the manifestation of 

geometrical.phases of the iadial soiutions - a la Berry phase 

[2). For th~ Coulomb case 'the situation remains in principle 

the sam~ but it needs obviously a more careful consideration. 
b 

It.should be noted that the paramet;ic problem for basis 
' . . . ' ,..,...._~ / 

quasiangular functions is related with the multichan_r:iel prob-. 

lem for the ~adial coeffi-cients o.f the, adiabatic ·ex.pansion of 
. • 0 

the three-body function.· The unitary. bilocal operator 'U (X, X.), 
< c( ·_ Ci' ' 

. acting from· .r')(. to JX provid~s a parallel transport of the 

moving fram~ l~(X,X)> from som~ fixed point X · to an ar­

bitrary point X of the base B and. at the same tiine it is 

straightforwardly linked with the connection A_ .·The c·onnec­

tion operator A represents ~ri effective gaug'e field in the 

"slow" system of radial equations and realizes the coupling 

between channels in contrast with the ordinary coupled channel . . ~ , 

method. The solutions of the "slow" system· and 'their asymptotics 

.are analysed.with the use of the above oper~t~r~ t/ · · and A, 
the latter. being essent_ial for sticking the asymptotics of the 

physical three-body· wave function with those of the Faddeev 

components. Thus, in the framework of the adiabatic approach 

using the above geometrical and spectral arguments we have ela-

4 
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l 

borated selfconsistent solution of the three-body scattering 

problem on the basis of a gauge invariant formulat-ion of th•'e 

multichannel quantum scattering theory withi.n-the t~~ditional 

. statement 

the fibre 
l 101 ·er ~x . 

·\, ,, . 
and the nonstandard parametric problem in 

The Jost matrices and regul~r, pby~i6a1,· Jost 

matrix solution's are introduced for tbe•sio~''system of 'radi~l 

equations in which there appears a covariant derivative 

(1®ox +A(X)/ • The latter corresponds to the matri)C of the: pol.. 

tentials dependent on the velocity (11). ·we hav~ d~ri~~d· · 

also expressions for S-matrix scattering in the global ad.iaba.:.. 

tic basis and for invariant partial and total am~litudes compa.;. 
. ' .. ' j . ' ... 
tible with the realistic amplitudes for the' tbree;;;body system. 

I 
Tb~ paper is ~rg~niz~d,as'follows. I~·secti6n1 2we_have 

established general relationships between adiabatic ,represe~~ 

tat~on for the Faddeev components. and Schrodinger. thr_ef-~ody . · 

wave functions. The geome~rical interpretation,o~ the· three~ 

body scattering problem is given· iri tbe,.neyi global'.,adfabatic 

approach. In Sections 3-5 the above ,general statement of the_ 

problem is developed in detail for.'the wide class of ,short-:­

ranie interparticle potentials. Section Ja-e is devoted -to,.­

the study of properties of thE: giolJal '.ad.iabatic• basis_.·· tcpi.J 
<·,••.-, ., ·, < I • ,' I . , 

composed of the locai' basis Faddeev compon~nts (FJ..iF The clas-
: • '•·• ."· ·,, J ' ' ,, ' '. ' • : ' 

• sification of. the total. oo ·(of basis states' con'sistirig of two 
, ' I 

. typ~s ,. the break-ui CfJ+ and cluster Cf)_' surface l functions is 
.- .. ·. '., : , :- -: , ... , .. · ' ·. . . : "' .. ' ! . . . , 

given:'In Section Ja we investigated a-multichannel system of. 

radial equations of the gauge type ~btained ha.· the above unique 
' ••• ,·'. ' :., ',, C ·,··.l ', : , ' ,- ,: "·, ,' ; ,'' 

adiabatic oasis. In Section 4 we have introduced and studied' 

the _Jost matrix and regular; physical, Jo~t ,matr~ solutions ;for 

the*slow•system ~f radial equations in which th~r~ appears\a 

5 



covariant derivative. In Section 5 we have derived relation­

ships .between the invariant partial S-matrix, the matrix ampli­

~udes in the global adiabatic basis and realistic physicaL amp­

litudes following.from the Faddeev integral equati?ns as X_,,..oO 

Thus, in Sections 3-5 we have developed a gauge-invariant treat­

ment of the multichannel quantum scattering theory as applied 

to the three-body problem. In Section 6 \Ve briefly discuss the 

possible appl;cations of the present approach to a new formu­

lation of the three-b~dy inverse scattering problem. 

2. Statement· of J;he Problem 

Tbe differential formulation of the modified Faddeev equa­

tions is a suitable to6l for a.correct investigation of scat­

tering processes in th~ sy~tem of three nonrelativistic par~ 

ticles [12]. In the configuration'. space of the relative par­

ticle motion {5: f.1.+~}E. IR6 '-{0} where .cl =1,2,3 denotes 

. the· number of• a pair of. particles with Jacobi coordinates ~-- , 

the equations for the partial Faddeev.,components , Fa. 
are of the form 

r-b. x + Vc1.. + :Z. ~
0 

- E,} F~ == -~ Z. FJo , c1 > 
,,., .~ pi,£"-. 

"" . . . . . ;•' . . . 

where the functions VJ.. and v/ are. the stio1;t"." and long-range 

parts of the pair potentials .V;:= ~(~_J=Q+¼0
, E,.,,p\.k:+p_t 

is the c.m.s. energy, p = 1 ~J., .eel r corresponds to .K .;,,.1 K.i..,~L}. 
The correct asymptotic boundary conditions, containing infor-

,•. ' . - :. ' . ' 

mation about ail 'possible scattering.proces~es in the three­

particle system, result from.the compact integral equaiions 
, . . , I 

and they allow one to find out·a unique solution for the sys~ 

6 
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·r 

• 

tem (1). The corresponding Schrodinger wave fun6tion, satis­

fying 

(H - E) V.-= 0 ; H=-!1x-t-z..ycL 
,., cl. (2) 

t . 
is simply expressed as a sum of its Faddeev components: 

"P(~)=-f Fd..(~cl(~)). 
(3) 

i) Let us choose now the coordinate representation in M': 

XE !R i. x5°(X)in which Xe B= /R} being the square root of ~ + X T 

the trace of the inertia tensor Xi• xf+Y,;.~ defines the by:.. . 

perradius of the sphere· s/"CXJ-v5-i.xe;lx s:1. or S.3x 5 1_. 

ii) We introduce for the components /i the foll~win·g 

local adiabatic expansion: 
' " 

F, (X ) = L f.,. i (X; x,) x·1x; (X) • (4) 
~ ~~ j ra . 

where the components of th.e basis F;j(X;X~) are defined as 
..... 

solutions of the spectral problem for the system (1) o.n M at · 

a fixed value of' XE B : 

1-x-iL\xJ.. + v,l + i v;.0 

- 6 J (X) r FJ.i (X;X,1.) =-¼.t,a.~J (X;XJI). (5)· 

Here Ax is the angular part of the Laplace operator /:),_x on M 
·~ -

◊J (X) is the spectral paramet;r; j being the _set of indices 

labelling the sp.ectrum cb(Hf<X;X)) of, the three-particle Hamil­

tonian operator 

H t(X;X) = - x-a~ x + f \{ (X:Xt> (6) 

with domain :I)(H 4(X))c g;_ and range 'R tH icxJ)cLt(S~(XJJ 
depending on X parametrically. Solutions of the Scbrodinber 

problem (2) on tbe apbero A-s;°(X) vd lh t,hu Hamiltonian ope;.. 
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rator (6) 

{ H 1\x;x)- G/X)} Q'.)jlx;x)=O (7) 

coincides up to. r_enormalization with functions of the adiabatic 

basis, composed from the components 

A 2, A A 

CfJ/X;X) = f-1. Fo..j (X;XcL CX)) 

{ ~j J 11ike (3) 

(8) 

thus inheriting the appropriate asymptotic conditions for {QJj} 
. . Gt 

at X_.,,.....oO • Define the scalar product <• \• / in r:J- x = 
.A A. ~ 

= L!l- (M, dM) with 0 (5 )-invariant measure d.M ~; 
::: X a.j d (]_s

5 
( ~ being the constant J/2). Then the following 

orthonormalization and completeness relations hold: 

/•·\ '',-=:;. fdM~Ct).\x·x)QJ (X·X): b ... 
<.... L J / J. l • . j , . . L_) (9a) 

x 2~f. cp}(x;x)£Pi (x;x'.)= Sex -x'> . (9b) 

iii) The use of the above definitions allows us to const~ 

ru~t the Hilbert fibre bundle 1f with base B =-R/ 3 X 

typical ftbre ~- = L
1 

(M ;d M ~) where the real-analytic 

e~genfu~ctions ~QJ~(.·,x)J. of the operator HfC.;X) are 

considered as sections defining a local basis "in . a given 

neighbourhood UC B . The induced connection form A 
in this bundle (see e.g. [1Jj), defined as-l<CVloxl<P> 

generates the parallel transport 'U of the vectors jc:p;> along 

the base B. In the case when the corresponding to A curvature 

form j A vanishes the' basis set 

defined and the;efore the following 

batic expansion is valid: 

8 

f cpj tx; X)} is globally 

generalized global adia-

'1 
,I 
l. 

11 

j 

J 

. .3 :... . . . . ... I · c10> 
'V<K)== f j ~j (x,·x) x -1. Aj (X) ~ f''Pj (x; x)xr1JiJ·CX)· •. 

This is a new generalization of th6 'known hypersbherical·adia­

batic expansion like those· given in [6-B h owing/ to the use 

in (2)-(10)) of the asymptotic boundary ~oriditio~s·following 
. I • 

from the compact integral equations and moreover/ the decompo- · 

sition {B) for the definition of the new global 1diab~tic ba­

sis l4Jti ~hich is constructed' in our approach with t~e help"' 
. . J J } I .• . 

of the local basis components ( F,u being the s?lutions ·of . 

_the eigenvalue problem fo~ th~ Faddeev equations 
1 
(5) for any 

fixed va1u/XEB • A simple example of the num~;ical solu-
' , I , 

.tion .. t~'·the proble~ for th'e posit~oniu~ ion. Ps'.:" :has been given 
' , • ' • I 

recently in [14J. Also therein it is shown 
1

that\tbe obtained 

solution may be used as. a good initial approximation·for the 
' . '' ' ,. ', ' 

straightforward numerical solution of the ~rigin~l eigenvalue . . . I 
. . :,.' , : , .. , i •. . , :.. -,- I . _,. 
problem for Faddeev equations (1). Substitution of (10) into 

• ,. , •• • • • • , , • , • • :, • .c I , ·, .· . . 
(2) results in the system of ordinary differential equations 

of seco~d _,order fo/ the coefficients X :_ X ( x, t J : . 
, .. ., . . . , '· • I ' ., ' 

-x.[- D, ?-( X) ~ f G l ( X) - Gi (oO)-t Y(.~i1))C1-::9PJ~t'J'1 }J'-::: 0 . l} . . I 

J · · , , . ' ·. 
0 

·. . . .. · , : (11) 
( g?l ~' E- G· (oO) ' §J= dia<J f'J;). ' . 

, I , .. . l , . : , . 

Here- y(i-1-J)x-2 
is the nonvanisbing centrifugJ1 potential, 

, • I , , , 

•f,;,,3/2, D .is .the ·covariant_ derivative: .DiJ-8iJ ~\-t Aij- · 
and_·· the operator A, is the above~mentioned cJnnection ope-

1 ' 

rator on Jr: 

Aij = -t~ cpi I ax\ cpl/. 
(11a) 

9 
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• 3. Properties of the Global Adiabatic Representation 

: Let us consider·in detail the scattering.problem in .a 

given system of.three·spinless particles with pair real-analy-

' " tic potentials V,l = ¼_ 
co 

· J dxcLIViX,L)I< o0, 
0 ,' ' ' 

satisfying the conditions 
oO 

! dXc1..\'6.(X.t>l x.,_ ~-oo 
0 

• and.respecting the L-representation of the total momentum: 

k'='l-c1..-+ k . Where '1.i..=-it.,_Aa.cc1.. and '/jJ..=-L~l\aY.L are 

·o 

th·e orbital momenta of the pair and third particle respectively • .' 

In what follows we shall omit in our notation the set of exact 

quantum ~umb~rs i =- { L, M, ~} of the 1;1omentum, its projection 

and total parity ),.. (-i) (l-t')..L.· 

a. Transport operator and system of radial equations 
....... 

For definiteness let us choose the pair potentials V"- and 

Neumann boundary conditions for the problem (7) so that the 

spectrum b(Hf) of the operators Hf()(; X) is a purely disc~ 

rete and analytic for Xe(O, oO) . and consists of two parts 

6+ UC?_· corresponding to different asymptotic behaviour of the 
, ' . ' 

t~rms0i. (X):cilK-->;>-coJ~Oand G- cx-oo)< O • Consequently for 

the real analytic basis functions one has: ctJ=- t:l{ (t) cp-:- that 

defines a direct-sum decomposition of the.Hilbert· fibre~ fJ' ~ 
~ . © :{__ • The· functions (/J+ corr~spond to the break-up 

surface· states, cp_ correspond to the cluster surface states •. 

Using the relations of completeness and orthogonality (9) we 

define a fixed frame le(X))":Sf(/J(/.:X))>'pi~king ~ome fixed poi.nt . . , ' ' ,; 

, X=XE B in. the base ~f the bundle Jf{~g:;'Ji') where the pro-

jection 9r is a trivial one. Now for every pair of points 

IO 

'1 
. I 

), 

I 

'! 

1 
I 

0 

x and 

operator 

X in B 

'U (x, x J 
we can 'introduce the unitary 

. er rr 
acting from VI to rx : 

IQJ (X,X >>:: x-Yx ~ I etxJ> 'U(X;X) 

bilocal 

establishing a parallel transport of the frame \QJlX,X)> 
0 . ' 

X · to arbitrary point X 
. X 

'U ( X, X) = .91 exp i j A ( Y) d Y . 
x 

c12a) 

from 

.(12b) 

The direct sum structur!: on _the fibres fj:-' induced by a spect­

ral projections Q:!: = f l~!)<(ptl extends naturally on the 
whole bundle 1(, : · 

fie n!) = Qt• · 

where n± = I/a_ • (G-l :!: ic\), 01 , o~ are Pauli matrices. According-

ly for the transport operator one gets 
1 

u ~ ["'' ++ v..,_J . 
'LL.., 'if __ 

Let us rewrite the expansion (10) for the _partial wave 

(12c) 

explicitly separating the break-up states '4ft 
·from the cluster states '4;-
function 'o/l 

1V• ... 1/f .. + 1(;-= z <P,·~ x-1 Xiti + z:_ cpi_ x-t,x,-i 
( I I J + . If, j If (1 (10a) 

Here the radial function 

sented in the block form 
X = \,Ali (X, ~)J is also repre-

X-= [XH X➔ -]. 
· X-+ X--

11 



~ 
and the_ diagonal momentum matrix ~ is given in the same 

form 

~©. = (:?.-t . 0 

~ 

~)= ( \IE ®1- t!,}cOi O ·. \ 

l O Y E @ -\ - 0_ (GO)) 

is the diagonal matrix of the momentum of three 
Here r"° 
free particles. Substitution of (10a) into the Schrodinger 

equation (2) leads to_a block decomposition of the system of 

coupled differential equations (11) 

<. (fl\ \-)(-5 axxsax + }-\{(_x; X) -q ( I ,n. +n_ )\V /1.. (S!, dSl;J, 
. • (11b) 

={-n'tx> • ~lMl x-•+ VlX)- P"J ;nx. 9') =o. 

Here we adopted t_he notation D<J<)= 1 ®ax+ A<x) for the cova-

riant derivative, A,,-A~-i(u-iaxu+ix-9is the connection operator 

in the bundle J{ ; 'U being the unitary operator (12) gene-

rating a parallel transport of th~ basis from the fiber §,_ 
to the fibre ~ ; V(X) = e,(X) - ~ (oO J is the effective poten­

tial energy operator; i being unit operator. Taking into 

consideration th_e block structure (12c) of the operator 'IA 

we have 

r
D1- -+V,: -©a. 

+,1-_ -I- ♦ "-+ 
. -~ 

-ax A_+ -A-+ Ox"-A_-+ 

-ox A+_ -A+-Ox -A; ]IX-+~ X~-\ ~ O 

-r,:. •v_ ·!£' l X-+ x __ J 
(11 C) 

to the properties of the adiabatic basis {q)tJ 
we have to note that (at _each point x~ B of the base) it 

can be specified by a set of three exact quantum numbers L= 
=iL,M,'5)' and three approximate -l ={l,i..,l.2.-,'l.!} . ones 

Going back 

12 

I 

\l ' 

i 

I 
I 

t, 

whose meaning is established in the vicinities of the-origin 

fX.;O} and infinite point {X=<'?} • The rule.lof corres-
1 

pondence between both sets of quantum numbers i (0} and i(co) . I . 
(so--called correlation diagram) could be expressed in terms 

I 

of the transport operator 'U(O,cO) • 

·· tial 

basis 

b. Classificat.ion of the basis states in the limit X--0 '. 
i 

i 
In the limit of small X in eq. (7) the ~flective poten-

5 ¼_ can be considered as the perturbatio~. Then the 
oC . . ;.... " I l•J I . 
functions cpcx-o, X) = x· qJ(O, X) are defi~ed' by a 

. I 
linear combination 

co, · · iioJ "" . itOJ -" 
(pi =Z.. z.. f><L 0 YK(x)=Z. ·· ~o. YKCX) 

O..E K tL 0.61< 
· (1Ja) 

of free hyperspherical functions Yl{E: 1/Sb-(XJ) 1at a fixed 
·O . . 1-~ 

eigenvalue EI< of the square of hypermomentum X : 

J(-.:t.y (X)=E 0 Y(X) E0 
""X(1(+1f)· 

I< f<K > K 

Here 
~ 

-:K~ 
i 

equals the angular part of the Lablace ope~a-
S A I . 

tor on the sphere 6 (X) 

_ 1/ O sin.tu L - 'l lt .. 
L\_~ - sittlU ott au {- cosU 

n :i., . 
,._l_ I 

L + cosri,< 

The five angles X -f u,~, x} are given by the us!a1 spherical 

of the Jacobi vectors X , and Y f , and the 
........ 

angles X, Y ~ ~ 

doubled hyperangle 'U "''-V, where V is· the stereographic pro-

. ,- 0 ~ V ¼ 9il,i · [15]. 
I 

jection angle V = ar-ci'f ( X/Y) 
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Note the doubled hyperangle like the above one was introduced 

in the framework of the· three-body hyperspherical parametri-. . 

""zation by V.A.Fock ·(16] and rediscovered by A.Kuppermann [17]. 

The set of hyperspherical quantum numbers K = \Xe_ '}...) is de­

fined by orbital momentum· l of the·· pair cl , orbital momen­

tum 'A · of the third particle and hypermomentum X =- 2f{f l t A • 

Here N. equals the number of nodes (with respect to the vari­

able 11 ) of the free hyperspherical function: 

,A - · • e (t+111, >,.+~12) u,,i.cA ") 
YK (X) = CKsrn U./R.· cos>-u,:v P,.,, (_co.su) ';JO X,Y , 

where CK is the normalization constant and {Yl ~J is the bi-

, "'~···sP,herical basis in L 2, CS 2{.x)®S'-(Y)) · [ 1 s]. The coefficients 
• 1(0) . 

bv, in the linear combination (13a) are determined simultane-

ously with the second order correction to the energy 

~ ito>lX) = 
0 .. :t, t~, 

EK x + sl <oJ + .... (13b) 
X->rCO 

obtained from the secular equation 

z.. 1 < X Pi\ I z: v. \J(·f'l--'/' - 6u, 8,\,,. 0!;,A,l 6!.~~> = o . ~~K ~ ~ . ,, Ji 

Thus, in the vicinity U(X~O) the set l of asymptotic 

quantum numbers equals LlO)= {0,1(, \)=V(f,~)} , where J) de-

notes roots of the secular equation with increasing c,~~) at 

fixed J(, 1 . The degeneracy number VmaX' equals [ (J{-L)/2,t 
+i](l,+i) and (1(- (L+i)/Q 4 i).L for the basis states .with 

the fixed parity 0•~(-1)L equal +1 and -1, respectively D,]. ,. . { 

Note that the total inversion operator l on M = R 4 X 
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I 

S'~U)')(S·2(.x)xS(Y)differs from the total parity operator· 

~~:=Rx" ·R on the four-dimensional torus 
AY -Y 

.;Ao A , .,.._ A .· /\ 

I= Iii Px9 Ii1 - luf1 '1 I1,1, 
... 

sa(x) )( 54-(y) · : 

(14) 

where l'IA : 'U =?,-1,f is the reflection operator on the sphere 

5:l,('u, ir)' I.T:1.T~9 = a~,Y} f51- The eigenvalues ' l 'and ', 
..... 

·of the operators l and ~
9 

are different though formally their 

action coincides on the free hyperspherical functions '{ K · 

0 1 YI<= 1 Y~ , l =ti) X-= (-iJ ~N'tl+ ft. 

and 

p .. A Y. : -== ~Yi. . ~ =Ci) ft). 
, XY K K, . 

! 

i 
c. Classification in the limit X ~oO 

We obtain the leadinr terms of the asymptotic expansion 

of the basis functions (p (X; X) ::::::'.. X -iQJ<qqX), exploiting th~ 

d~composition (8) in the limitX--oo. Thus, -.ye reduce the 
•' . ' . . 3 

eigenvalue problem (5) for the local basis components $ f,, · 
, d.= i o.. l 

as follows 

{h (X; X) - i©~j(X)}{ !1 FJ..·JX;X)} = 0. (15a) 

Here h (x)<) = 1,l ® hd.. (X~X,j) is the operator in the left 

band side of the equations (5), while hiX; X) is the pair 
•5 A 

Hamiltonian on the sphere 8X (XJ.) = 

.h (x·x) = -x-~l:ix" +V(X·-u) 
d_ 1,J., ,I.. J... ,cL. 

(15b) 

The spectrum 6J... ( h.i..(X )) of the. operator ,hcL is a purely disc-

rete and real-analytic and consists of two parts b/ \.} 2.i 

15 



+ 
with G; (X -co)~ 0 and G-( X -oo)< O • The local 

basis components ~ j+ , F,li- have different asymptotics 
s; A 

on the sphere S (X.,_) • The first one corresponds to the rL -

pair "scattering" states <pJ.c.•-tm<..X-~ u).i...) with the 

energy c +-= k,2- ~ 0 while the second one is related to the t ~ . 

cL,-pair bound-state <pd..&-em (X~, u).t.), with the energy 

e;_ =-4'} < 0 . For these components fd.i!:lx~oo, X.J the fol- . 

. lowing representation holds: 

F ,t( x-- oO X ) ,, 5 . cp . (X--00 Ii) )2 L <~.i.) , 
J..l , .,_, £- c1.etern ' d._ J..,lm>. 

(15c) ~-, m . 
'-1- .+ { + \. Where the set l - equals l - :;; J..G -u .. J and 

2:tm}Y.i) =.<.'{em (x) I YtA (xcL, >'c1.J> €. L:i, cs~(Y~)) 

Here f Y 
1
~ <J,9)} 

parametrization of 

is the known bispberical basis for the 
..... . . 

M = 5 ix 5 ~X 5 ~ [18] , or is the rota-

tion bipolar baiis for the alternative parametrization of 

M=Se,x 5~. [191. The coefficients (pd..c.temO<--r~ Llt),where 
! ~ ,,..: 

lDcl. E $ ( Ud) X $ (Xcl), in the limit X -o0 correspond· to 

the pair wave functions 
A' , 

(/)A (X,J::\A7=1d-kfm7and \A>== 
-::: lcLn f rn;'of the pair Hamiltonian in. the Jacobi parametriza-

R :i ( 2,-A 
tion xcl. E + X.t_) X .S (XJ) ,...., . ' . 

(-/11J. + ¼ (X~)-:- ez) c.pA (~ci-)::: 0 (15d) 

\ describing both the yery scattering states (with energy 6 l ) 
and tbe bound states (the energy CA ) of the pair d..,,tt., being 

tbe principal quantum number [111 •. 
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Among the "scattering" states f<ltt with positivi:i energy 
~... . f. o I 
<::)i (X-o0);;i,: 0 the zero energy states d.{o?!~i corresponding to. 

zero pair energy (cJ.= 0) play a special role. iThese states 
: . A 

will represent II truly-break-up" states on the sph~re sscxJ. : . 
They correspond to the free hyperspherical functi9ns distorted 

by the pair potentials ~(X, U~) and therefore ate characteri­

zed like (13a). by the set of quantum numbers i0
- {O,.:K, Y(f,il)}. ·' 

Thus we have three sorts of states { Ii+ 7= (pi+ I l0 7 = fPia.} ·and 
. , A , I 

11-:> === CfJ(- belonging to L,.._ (S
5
(X )) , ! and respecti-

vely three sets of asymptotic quantum numbers 1 ~ + .. { cl k f, ~) 

i 0
::: {OJ(})(l,A)}) and i-:-- .. {rlrtH..)._They exb~ust the.total 

asymptotic set ( loo) tbat is necessary for labelling the 

spectrum e:, ( H r(X))= U 6,1.. (hlX)) of tbe Hamilton~an H~\X) in 
"-- I ' 

the vicinity of x_.,.oo • Note that the, "truly-brTak-U:P'.~ sur-

face components F:i + for the states I l + /' wi ib the. energy 

61 > 0 may be introduce_d_ too •. Thos_e pr~cticatly. coincide 

witb the free hyperspherical functions YK with!such quantum 

numbers of the hypermomentum :J( ~ 1:(0~ X. that t~e limiting 
y+ E o -~ • 2, o 

values of the centrifugal energy c..;:,l == K X ~-K,1.. >: 
r::-0 i o 

The above components ra_l-1- correspond to free soli;itions <pA 

• 

of the equation (15d) with the fixed energy o:_ =t k ~ > 0 • 

~bus, we obtain explicitly the 11 rescattering". sfrfa~e compo"'.' 

nents Li~i+ = ~J+ -~{'+ corresponding to ones ~¼ "".Y'A- ~o 

in the above Jacobi parametrization. 

d. Consistency conditions for connection for~ 

coefficients diagAa. 

Now we,need to fit the asymptotic boundary conditions for 
I 
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the Faddeev components Frl with the behaviour of the Schrl:idin-

ger wave function 1V in its adiabatic representation (10a) •. 

This requirement imposes on the perturbative correction coef-

ficients -::-+ ':' 0 
::; - in the asymptotic behaviour of the 

,t,,-,J t--1 , ......., 

terms ~~\X) 
1

at X--r oO (see (17)) the following 

asymptotic relations: 

I) 2 +. ~ (~~i) - Hrn {xid[a..9 A~+(X) \:K~ J(°-v X}= E: 
· X =-"700 · . . (16) 

II) E O t ~(~+{)- lirn. lx 1diag A ~o (><) \ x-< J{ .z.1(
01 

=- E 
0 

X--'rOO ' J K 

{ X!l,dia~ A~- (X) \ G ~ X ~ 1<-)= E ~. 
1n)2- 4-Y(Y+i) -. ftm 

X-"'roo (16) 

I 

Here the quantities 
'l. 

the operator "/\. 

E0
-= il(i\+i) 

).. 
are the eigenvalues of 

on the sphere S~(y) a~d E O 
= ;{('K+- 11) 

~ --- I< 
· the operator 'KL=- -A. X on the are eigenvalues of 

sphere · 5S (X) • Moreover the latter defines the asymptotic 

behaviour (13b) of c::';~(X) and G-(X) in the limit X__,,..0 • 

As a result, the diagonal matrix elements of the connection ope­

rato.r A (X) square.d which change the phase of the wave func·- • 

tion X (X) , have a consistent asymptotics with those of the 

energy terms G (X) in the limit x_,,..c,G • The asymptotic be­

haviour of ~,± (X) 

(3 
4

(X) x-=oo 
is given by 

[ e: 4 

r-, ~ -:l-
.:,.,_ X 
no -l­
uJ.. X 

6 -(X) --- (o; .._ 3 -X - 2) 
x-co ,J.. 

(17) 

up to order Olx-~) provided that conditions (16) are satisfied. 
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e. Asymptotic states 

The introduced classification of the states I i7 and the 

structure Jf = 1f+ ® :Jf_ a.Hows one to get for the adiabatic 

expansion (10) in the limit X- co ( L. fixed) the following 

"direct-sum" form 

{ 1JfiogJ = {Vt AA}© { 'lfl;-a); [ { 'l{+ asJ EB Motl~}} <P {1~-QSJ 

'\jf. as(X fj)) = { L.. 
l ,._,, / j-t 

+Z 
J°t' 

+,L 
i-

· "- cis 
cpl' (X=11rcq x) x-t X J~i ~x, fP) + 

~. cc0 x)xt-1-~>va~<x§)'-t 
JO. 1 ~ Jo l , / 

A 

qJJ-\co,X)x-t .X[-\ cx,ql). (18) 

Here· the first multi-index } of the radial function J .. cor-. 
responds to the channel component, the second one l is label-

ling the initial state of the system. The consistency condi­

tions (16) and (17) lead to the fact that the asymptoticsof 

the radial solutions .J'4 i and P-i of the system (11c) as. 

'X--o0 is determined only by the centrifugal barrier f ~0 x-i 
(with respect to the relative motion of the third particle 

and the pair ·cl ). In .this case the dependence on ~ dis-

appears except for J
0

· , 
I . 

r.~s ~ (- .uy1 iexp c~iX9;)B+l -exp({X~)fl;-":isti 8z''~J ' 
x~~ , 

X :~ ~ . (-;ur1{exp~i(Xfil0 t.~))0
0
i- exp(( <x~-Pf?))~.,,~5c,~s9z{'i], . 

x~oo ' 
• . -1/J. ,,_ C,!, Ci:) 1/,q. . .J_at ~ {-2.i)- 1\Q_xp(-iX~).b'_i -exp(()(~)~ 5_{ ;Ji J. (19) 

x_,,,..o0 
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Tbus, tbe asymptotic decomposition of 1.f allows one to sepa­

rate tbe v+ of total break-up channel wi tb energy E ( P):- P~~ 

=P.,_'1~c..L E fO, oo) from tbe .states y- of the clusteriza-

tion channel E =EA ( ~ )= P/+t.,A E. [-){A\oO) • Remind that fA 

is the momentum of the relative motion of the third particle 

with respect to the pair d.. • Moreover the extraction of tbe 
0 · ~ t 

"truly-break-up" states Vi lc.,cL ~ 0) from 'l\l'i accord-

ing to tbe latter assertion of subsection Jc makes possi~le 

to single out explicitly_the contributions of the known rescat­

tering processes, thus defining the three-particle scattering 

S-matrix only on the physical states. 

4. Radial Solutions 

To investigate the structure" ~f tbe s·olutions X we now 

turn to the ordinary procedure exploring the Jost matrix solu­

tions. First, we introduce the' regU:lar solutions )c reg for 

tbesystem of radial equations (11b) with boundary conditions 

li m Xrev (X, g;) x-(X + ~+!) =- i 
x--o . 

This condition follows from the asymptotic behaviour foroilX->rO) 

(V(XJ~ :J,C(J{+lf)X-~) tbe regularity of AlXJand the derivative 

(d/dX) J(XJP) as X----0 • The matrix of regular solutions can 

be represen~ed in the form of a linear combination of the Jost 

solutions 

J re1(X.~)==(-:Ut i{[(x,9)J~-i~(5-})-F1 (X,§}J~-{F_ (~))- . (20) 

20 

t 
J 
·' 

\' 

J 
ii 
/2 

that satisfy the system of equations (11b) and ttje boundary 
I 

conditions I 

f 1 (X, §))---;;;- exp f:± l (Xt))-1.ft'.Y/2) . 
X'l -,-c0 . 

Hereafter the signs plus and minus should correspond to outgoing 
. I 

and incoming waves. The Jost matrix function by definition is 
! 

equal to 
,....,. ----1 . 

F± <J));: WT> l ft ,xr-e9) = F1 DX r-e9_ {D F1I )X r-e9 
/ 1 

Here the notation 11 .-... 11 means.transposition; f+ (9) is related 

with the asymptotics f~ ( X 1 9)) by 

'I<~~~ Ci) 

F tJ>) = 2 l.1<-+- ~ .. Ht) Urn X t--± <.X,Y~ 
1 )(_.,,..0 . 

I 
Thus the regular solutions bave the asymptotic behaviour 

-{' re~ __. (-!l i )-1 { e- i (X 0- 1· JI.Yh) ~-i f+ (9))-
1- x:P c0 .i..- . 

-- _-e i (X!f:>- i • Ji'Y/J.-) j) ,_ (fP) J. (20a) 

i 

The physical solutions are expressed through the regular 

ones (20) in the usual way 

y.. Pri = X m, F ;-tc:PJ!I' = ..: <iir' { f_ (x/P>- ~ tk/PJ s (q.>)}_;,.: 
- I . c21> 

--. ,_,,. ) -L I - i lX9)- ii .'i(yh) e i (X'P- j, Jt £I.V5( §)}-
X 9.-o:> · -'= .(..l I e - i 'J 

The Jost matrix functions define the S matrix 

5(0) == 9-i f_ cP) [F. (01Jft~. (22) 

. I 
From the Wronskian definition \½>{.Xreg, ,X reg} 1 0 · we have 

the known relations 

21 



f p-ic ,. ~F q,-ti:" . 9)-if.. p-i_g:>= f.-L F 
+ r_ - '+ , - + ... - • 

From here one can introduce the symmetric S = 5(9) matrix 
,.... 

5 : (P l/2,S tj)-//2, , 
A A. 

5=5 

As a result, from the symmetric S-matrix via projection onto 

the open channels, one gets the unitary scattering operator 
A .A. A .A.f. 
s+.S=S,S=-f, 

The relevant physical solutions are 

X Ph;., -~j)-i~ f_(X,.'P)- ft- (X,5));j>-ih.§ gJi12J 

with ~he asymptotics , 
• • I 

(23) 

(24) 

(25) 

...,Ph . fn_·)-Ll -j~V:,-f,'i,Jh,) i(Xv)-f•JtY/l)Ci>-1/25" 0f/a,} 
I'- --·-\f\.t 1e -e ::J v (25a) 

x-~ . . . 
The imposing of boundary conditions (25a) leads to the 

conservation of the r~dial current 

a J= 0. )( } 
_J= - l Wv tx P\ X Ph} (26) 

i.e. it guarantees the conservation of the probability flow we 

need for calculation of the cross sect~ons. It is wort~ to note 

here that the' arbitrariness of unitary gauge: f ~ ti X = .X' 
leaves (26) invariant, or in other words aX J = 0 is also a 

gauge invariant equality. Moreover, the gauge freedom allows 

one to reduce the system (11b) to a standard form 

,--o~+ uvu·i +f. ~(~+i).x-!1.-~
2 }..x'==O (27) 

and to use the known procedure for proving the orthogonality 

d 1 . 1 . f . X'P'1 an comp eteness re ations or the solutions 

22 

(, 

2. /½ r j ,j\' P\ )(, 9)) . x , Ph( x, §)) d X = 8 (~-ff>'), 

0 
00 . 

Q/1( J ,X' Ph (X, fP) x1JJh (X, 9J d&J-t f xttx) X i1x1J= rScx- X') (28) 
0 . 

Index 1' iabels for a discrete spectrum 0J ( H ) of ·the 

three particle Hamiltonian H 
For the parametrization of S-matrix it is more convenient 

to pass to the so-calle~ eigen-phase-shifts representation~ 

Im 8 = 0 

5. B = e, e').•8 f~ (~)= :P 11:iB e -:.:iS. 

where t:> is an orthogonal matrix 

· The physical wave function 1Jf Ph_ 
eigen-phase-shift representation 

B = p-"2 Re ( F± (9)) e ± i8) 

·(10) with X Ph (25), in the . 

'l/f Ph e = 1j!Ph B = -lti)-1.x-{q)(X, X) f [ (X, P)B- F+ CX,fP)B e :ii8J 

_,.,.. -(ti) :ix-{ cp (.X,X)f e- i (XfP- i •ri"¥h)5-e, lXP-~ .Cj(yfi)Be !t'tSJ 

'/,-?"o() 

contains incoming waves in all channels and the coefficients 

B play the role of mixing parameters. Via the Cayley transfer~ 

mation s~(f+d-0.(1-iK)-i. one can go to the real 

symmetric K-ma trix instead of ~-matrix: KB = B tg 8 . 
Note that the solution of (11b) with 'asymptotics (25a) in 

the form: r:~ _,,.. -c:i.n-i {exp(- i(xv1-1-ri'J112)J8+i -exp i(X~-1fiY/2)9J"
2s+i9?'1j 

X !r ~ -(1ir1{exp (-i(X'~ -,O/jT)l:z»8-i -exp i(XY?-J·JIY/2)~-l~g_ i ~
2tJ1j 
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i' allows one to get the partial unitary •S-matrix (23), (24) for 

the three particle system in the presence of break-up(+) and 

rea~rangement (-)channels.According to (22) and (21) for 

both break-up and.rearrangement channels the s-matrix is de­

fined uniquely by the amplitude of the incoming wave f+-l pro­

pagating from \in/'state to the vicinity of the triple colli-

I 
sion point ( X =O) where the states are mixed and by. the amp­

litude of outgoing wave F_ propagating to the lout:>- states. 

I 

I 
! 

5 ■ Scattering Amplitude 

The total wave function '\fl ph describing all the possible 

three-body scattering· processes in M = R} x M has the form. , 

'41 P\x, p ) = (~ )1
'~ cp ~ ~. x >x-1.x , , cx, q,Jm*i.cD9•E >@•1.-i 

,., ... f ?r. 1 F'd'o. 13 a fa. ya ~~a t E ,(29) 

where r = kcL for the ''scattering" states 
. ' ' cp~~ and 

r = Yl.l. for the cluster states cp n~a in accordance with 

the complete classification of the basis states ~4J.f1 }€ ~lM) 
introduced. in Section 3 ■ Usi~g the asymptotic behaviour of 

the physical solutions (25a,b) we may rewri,te: (29) as X1 __.oO 

tends to infinity in .the form 

vt)~e:x, r. ) ~ (1rr t 312
-P ~ x u,, 1,P~) + 

· "' ,.., 'f XfP J 

r (30) 

. -11:L · "" ) U;., tf, x·i·J'exp(i(X~,-Jty/,i))9r, f~,~(x,~ ~ · }. 

Here we explicitly extract the incoming wave in M 

24 

(2JI r?Jl)_-~l C;J X R) ~f').,)· 1/J. z ql (00 X) x-i-~. ,,.,,, ,...r l<Jt 1... a ~d J 

(..
2 

·)-{ { -i<X~ - fi) i (X9t- 'ili)""rl,.rl1b ro0-n)p-i-)> 
\ l e , :Z.. -e .s- 2.. J 't'rd \; . ., 'f f . 

(31) 

and accordingly give the relationship between the transition 

amplitude { r''f (X, Pr) from the state r to the state 

'f 1 
. of the three-body system and partials amplitudes 

A ' 

r c~) : 
t\<'a'~a - ; 

L "' A L 'fL . : ...... --i 
. r (fP) = 1t'ir z_' ·cf\•a• (aa,X) r I (5->) q\a (oo,.: f} )~ 
t~•~ 1..a.a : tra"fa • . .T 

(.32) 

i 
The invariant unitary partial amplitudes 

r h · (_~)- ( g h(~> - -O®I) <.~iP ).:,{ 
t r'a' ~a \ . 'f'a.' ~a \ : 

. i 

(3.3) 

are defined by matrix elements (23), (24) of th~ unitary scat-
A . A A ! • . 

tering operator S-5-1 , where · I is the total inversion ope-
" rator (14) acting on the L1 ( M) and the S-matrix_ acts as an 
A 

integral operator on the L,i_ (M). 

The physical wave function Vf Ph(~,~) describing 

the 3-3 and 3 -'P"2 processes with 

the initial state cpoa,'f-= k,,._-= 0, 

the three fr~e pa~ticles in 

at the fix~d direction 8, 
of the momentum ~ in. /\1 has the form ,... 

... ,rPh<x R) ~ (J.'itf!/;J..-"K{X<~ X R,);- . 
't'Q \ ~) ;._o O J "' J I 

x9;~o0 - I . 

- -1.-~ t o(5} - fi i/11) 0 -i/2. .r (x1_1P..) p 1/~ + 
-t- X e O Jo _ Too ,, .... o o 

[ (34) 
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1, 

; 

+ -,,:- x-H' e i (X~ - Cjj'~Ji):fa-Jla_F (X p )fj) "1+ 
,e._k . 'fl kp . k o , ~o o 
~ ~ 

+ z_ c.p (X ~ u) )X~!e i(x~~ ;_ 5f'J>h,) 3:-//i{ (9 P. J§) ?-.i] 
B -,. . n BO B,~o o B . ~ . 

Here the indoming wave (31} corresponds tQ the plane six-dimen-

sional wave in M 

. tne:<'J- 3h-'iX· (~ X .R) ~ (ffe) "1)... x-!->' (;1..iJ-i, 
'<(.Jf O 1 ~ 1 ~0 Ci) :,t . x~o _.,..co 

. . . ··~ . 
··{ e-i (X~ -fi~/2)scx '\"~)--el (X~-}l~h,)8 (X- Pol~ -1-~ 

taking into account the completeness relation (9b), 
I f (' 

BO ~,H) 
is the 3~2 transition amplitude of the outgoinf cluster wave 

in M 

r (Y P.)= ~err tL (Yfo)r°1 (~)qjL(cO-P.) 
tBo J!>,~o l.'l\. a nmr. t hi>. oa . Od I 

O (35) , , 

according to the definition (15c). The transition amplitudes 
', .,.._, A . 

r (X p ) and r (X P)!! r are used for describing. the scat-
too '~0 tk o ' 0 t-¼O 

· taring proces~~s (3 __.3) with &t,-=- 0 and C:,i >0 · respec-

tively 

r (X p ):::: ~11 z.. Q'.JL ,(oO,X) fL (~) rp~l. (oo, :Po )~-i. 
·ti, 0 ,,,,_o 1..aa1 11,ea ha• oa 0 a 

"'" . p, ' . 

In the adiabatic scatter~ng picture the information about the 

three-body interaction is contained not only in eigenphases 8 
and mixing parameters B or in the unitary scattering opera-

" "' 
tor S ~ S·l, but also in the asymptotic quasiangular adiaba-

tic basis functions, which form it's matrix elements (32). 

One may explicitly pick out the contribution of the known 

rescattering processes if one will 
26 

exploite the represen-

;;. 

tation of the "trully-break-up" surface funcitions in accor­

dance with Sec~ion 3c-e. The amplitude ( 00 (X,,Po) corresponds 

the "trully-brehk-up" scattering. A straightforward approach 

compatible with the conservation of the radial current (26) 

consists in a simple extraction of the "truly-break-up" ampli-

tude 
o ,,. 1.011 " ""L rn*b · ..... G)..; 

f (X P
0

) = ¾llZ.. cpk a,(co,?<){ , (5))4-'oa («x;-Po):To 
k~O '~ .. L.aa' fl _k.Aa,ao _ . 

from the 3 -3. transl tion one [._ (X p_o) and implicitly , n O J-. 

. . . p 
definition of the rescattering amplitude 

6.f (X PJ= 
k~O ' ~

0 
r . (x,Po) _ ,o <x. P). 
t kr-,O -I k O ,_, 

r., 

It is worth noting that the explicit rescattering picture cor-. ,, \ .-". 

responding to above one is obtained_ as. usual via simple. i tera-

tions of the Faddeev equations taking into account the consis- · 

tency conditions (16) and the asymptotic radial solution (19). 

The physical ·;:ve function 'ljfAPh \~, fA) describing the 

processes. 2 _.,.2 and 2 _.,.3 in the c~nfiguration space M with a_· 

cluster·· J... in the initial state I A~- is obtained in• the. li­

mit X ~ -.:;,,- CO from (29) via averaging on the angles u)rl. 
,I... 

in the asymptotic state IA>-

111/ncx P.) == J d U) yPh(X p ) ~ -~ cp ( c() u) ) A ,-, , ,._A .l ~ • ~l'l.L h,1.. A , J... 
(36) 

Taking into consideration both (15c), (25a) and (30)-(33) one 

gets 
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~P\~, .rA) ~ _.,.00 c ir.-r'.5/,t 1 x A<"¥ ,, r. fA) + 
~ 

-i-L c..p_ (X--o0w ) x-i e HX~ -fl.Y/2,)0 --112 r (Y. P. )9) ''1 
f> E> . , '/> ,., . Jnr., te,A fo,,,..._A hL 

-. -!·}) e i (X 9=>/<p. - 7t'rh) :Ith · r (X p ) ~ 11:i.,} ~f x ,..,, rkf6A '~A n.i. • 
r-, 

Here the incoming cluster wave 
. fl ) l/2. 

(i,J1t°51.ifA(Y,!,PA) ~ t~ ~cx~oqw~)(-:ux;-1. 

. (37) 

.. . XY11-,<XJ 

z. zL (Y. ){ -i<X~ -ffJ'li)_ e i (Xf;, - ll~YI'} t·b (-~)P-1.l 
.1.. A :Llm}. "'- e " . . ' .. .· d.em1 n,t M 

(38) 

appears in' M aft.er the projection of (31 ). on IA') state, f (~, 
) 

. BA fA · is the2~ transition amplitude of the outgoing clus-

ter sp~erical wave 

. . . .L (') 1 4 ( .9)) ~L .. . 

+eA (Y.s'- £A)= 1/j(ITL"A} f;,rnp,Ap, Yf> tnpe;xfo,n~ e.t.>-.!. 2'-im'- AL("'f,) IAA. <3.9) 
.... . 

fk A (X, ,PA) is the 2-3 transition amplitude of ,the outgo~ng 
/!> 

six-dimensional spherical wave 

f (x p )=li71L Q\\, (~ x)rt C ~) 2~b (-PA) lAA 
kAA '-A . l..'ir. d' '{!, -fk-d1 

n. e 'l< lm ~ ,. . :I. "P , 'lt. L 'J. .I. .<l .L. 
(40) 

The latter transition amplitudes are defined via the invariant 

unitary partial ones (33) and the matrix elements of the inver­

sion operator{i14) acting on the subspace l._(S(U~)) spanned 

over the s~t of functions (15c). The incomini cluster wave (38) 

corresponds to tbe usual one in the Jacobi mapping R 6 ' 1 O} 
28 

if the quantity ~ gets equal to zero. Actually eq.(38) 

can be rewritten in the suitable form 

(2t;()-Jh, XA <~ ~,e~) /i--'J'"oO(;.)'h.cpAcx-<XJ,W,,_)f:·J.iXri 
. n~ 

I -i(X!P. -ft~h) ('(...,.' ... )I - e i(X~-ll>'l.i)J'(9.-R )1,p-! 
Le n.. o ~ T ~ AA .,_ '- A 'J n.,__ 

· . (3Ba) 

taking into consideration the completeness relations 

L ") ~L ...,. ~(·"' ")8 f-,.._. ~lmi\ l'Y"- 2Hm'~ (pA) = o ~- PA m'm. 

The consistency concl;itions.(16) lead .to the fact,that the above 

dependence on ,; disappears and the stiking of the solutions 
~· as · · .. x __ (25b) and x __ (19) in the vicinity of X fP~c0 can be 

used to establish a relationship 

S
~a.s C. -i9iJ> sA· -½Im~A(X)dX 

__ =a __ e . == __ e c (41) 

Thus, we have the manifestation of the geometrical phase of the 

Berry type l 201 in the three-body scattering problem because 

the factor - i fi,I) is produced by the nonzero curvature of. the non-

trivial diagonal part Jl(X)=-iZq)\i\\Q:)7 of the connection A(X). 

In our case the curvature is defined as one-half of the integral 

i Irn ~ <.cr-ilc1xl<P>dx = - ½ Im ~i dX=--<i,Y 
l C . . . c X 

along the close circle C around the triple collision point in 

the complex plane of the slow variable X • From the physical -" as . . A ·. .• 

point of view the above difference between 5 · and 5 in the 

2-r2 sector of the three~body s-matrix is connected with tbe 
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1 

elastic scattering on the additional centrifugal barrier 

'1 (~-t{)X-!t in the. vicinity of the triple col,lision point 

which is obviously· absent in the usual two-body scattering. 
· · · as 

As a result we have_ an asymptotic wave function 'lfA (~, fA) 
whose behaviour :i.s adjusted to the asymptotic boundary condi­

tions for the Faddeev components f~A (~, fA) 

'41:Aa~(x pJ -=- · (1.-1n-.3/~ XA U= o, X, PA) .... Z. f as o<, /\) 
~ , .,.,... X t;-=rCIO . . ,v - .J" fo A ~ ~ 

:=-· (tft'}-3h { ~A (Y=D, ~' fA) ~ 

+ .z_. qJ . l X -c0 w,,) x-1. e i X ~,.. ~-l/1.. f as ( Y. PA ) ffi ""-+ 
, o.. e, • ,. Jt SI\ p,,,,.,,.. J11 

..., f,> "'-

. -i·i i(X~"-'iiP/,i)gl-i/2.ias(X p)!P''' • (42) 
"'° Z. )( €· I<;, t k A . 1 ~ n,{, • 

~ ,. 
Here the· transition amplitudes r as 

. tsA 
· constructed by means of (39) .and (40) 

. r qs 
and T k. f,. 

r, 
have to be 

stitution of S as in eqs. (33) instead of 

respectively via the sub-
A s. 

Solving the system of radial equations (11c) with asympto­

tic conditions (19) for X. as (and (25a) for X Ph) and exploit-

ing the consistency conditions (16) like (41), one can calcu-
..... A 

late (say numerically) the matrix elements S __ , S-4_ for the .... ,,,.. . 
2 .:...P.2, 2 ~3- processes and $-+f , 5_-t for the 3 _,,,.3, 3 --,...2 ones 

• and the corresponding transition amplitude~ (39), (40) _and (32), 

(35), respectively. The asymptotic solutions _xas::c:- O(X-2) ne ... 

cessary .for thi_s purpose follow from consi tency conditions for 

the nondiagonal elements A ( X ~o0J (21). Then the flux conser­

vation law .for the wave function (37) and (34), in terms of the 

generalfaed Wronskian (26), allows one to obtain the usual exp-
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ressions for the differential cross section of 2,---2, 2 -3 and 

3--3, 3 ~2 processes in the three-body system. 

6. Inverse Problem 

The three-body inverse scattering problem is the. reconstruc:- . 

tion of the interaction potential from the known scattirlng 

amplitude. [3,23,24}• 

Consider now the reconstruction problem of some unknown 

short-range three-particle_potentials ·½t3 ([J in M from 

'· 

the scattering data. Let _us add to the Faddeev (1)'and Schro­

dinger (2) equations some real regular bounded potentials V,n,0fJ 
satisfying conditions 

GO . . . 

J Jx, 7.i-to(V,:i,~<x,X.)/dxdx <oe, &=0,1,
1 .(43) 

0 
Suppose the central pair potentials VcL to be known and obey 

analogous condition (see·section 3). We assume their·relevant 
A O A 

three-body amplitudes f ( X :,- .£) and { (X, E) to. be known 

as·· well. In our case the inverse problem reduces to the .deter- . 

mination of the s-matrix via the. amplitude {(X, e) (32), 03) 

and finding afterwords the effective matrix potential t.T(X}, 

solution "f of the system (11b) and fin~lly the interaction 

potential Y,i~ ()().·.The f~nctions of the hyperspherical adia-
. - ·· .. .,,.. ' ' ' 

batic basis i Q:)j (X~X')} are obtained as eigenfuncti~s of·. 

Eq.(7)on:, M .withthekno~nHamilton.i~n Ht(X;X) (6.) 

without the potential V,:t.3 (X,~). 'simu.ltaneoualy we find also 

eigenvalues t!:,j (X) which. give the effective potential 1.T(X). 
With the k'nown 1 qoj) we. eet matrix elements of the connection 

operator A(X) .from (11a) and accordinr; to (120) we can find 
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tl::ie bilocal transport operator .u ( X) = 'U (X., X) • The uni­

tary operator 1J(X) .allows us to pass from the system (11b) 

with the potential matrix 

lJ(x) = lf(XJ-+<.$(_x,x;1 v,1~cx, X)lcp<x, xJ>, 
lfq(X)~. (&; (XJ.- c,i(oO)) Sij (44) 

to the standard system of coupled equations (27) for the coef'."' 
. ' 

ficients 

X' ( X P) ~ U (X > )C ( X f?) 
' , ,, ' ' ' '' ' ' J_ (45) 

, with th~ new effective potential; including 

1J'lX) =- U"'-t- U- 1 
-== 'U lIU-t= ' 12.?> ' ' ' 

=<e\ H(X,X)~c;(oa)Je;> +, <.e~'l,;i:,(X,X)le> (46) 

in' the fixed, frame le)" representation, that in our case is, 
. . ' ' . . . ' " 

'. ' 0 ' 

conveniently chosen as X7""""C:O. •Thus, we, can, apply metho,ds o_f 

the multichannel i~versescattering: theory because completeness 

relations (28) are valid for.the, physfoal (25) and regular (20) 

solutions of the system of. eqs.,(27). Basic generalized equations 

of the multichannel inverse scattering problem corresponding to 

(27) are: the following [22 ,25} 
Cl() <X) • 

K<x, X') + Q (X,X') +' f .. , K(X,-l) Q (-t,x~dt = 0, 
XW) , _, -., 

u 1<x)·.;.u'(X> _...,,,. (X);,.1J'(x>+~dd KCx.x) . 
· · Vt:i.3 . X • 

.· , , · ·· o0(X)' .. , · 

.X'(X/P)= X'(x,91) + J K<x,x 1JX'(x,f)dx·. 

(47) 

{48) 

X(O) (49) 
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The integration limits in {47), {49) and the sigtis in.(48) de­

pend on the spe.cific statement of the inverse prJblem~ In par-
1 ' 

ticular, the limits of integration· from 11X11 to ~~" {from 110 11 to 
• I 

I 

X)(47),(49) and the sign 11 - 11 (sign 11+11 ) in {48) :correspond to. 
. I 

the Marchenko (Gel 1fand - Levitan).method. In th~ R-matrix ver-

sion of the inverse problem [22J the limits of integration are 

from 11x11 to 11 a11 and sign "+11 is in (48). For the known kernel.--' 

Q 0<,,X') determined by scattering or spectral data the multi­

channel system of Eqs. (47.) is solved with respedt to the ker-
. I 

nel K(X,X') . Then, K(X,X'J defines'the thre~-body paten-
, I • I 

tial matrix ll
12

~(XJ · (46) from (48) and the rJlevant wave 

functions x:3 (49) of the system (27). 
1 

In the generalized Marchenko approach [ 25] 
1 

the integral 

kernel Q (x, X ') is given by 

.Q'X. )( 1) = ~ ··J00 
F'(X ~\ (~'(P)~S'(.9))\f '(X' 5)Jdffl+ 

\. I , '),11 , . J / , / , I , -~ '' 

.'} ,.., 
fV o 'o'I . IV O I O o o I / o , i F'(X,i)f'l)MVI F<x;nrn)-i f(X,idf'n)f\F (X,it.,)_. {50) 

DI t'i'\ 

Here, the Jost solutions Ft(X, 1-) of Eqs.(27) Jithout V.1,,~ 
a ,_ . ' I , "-'J 

are related with the Jost ablutions 

by the unitary operator 'U_ · (12) 

~(>(,q:>) of t~e system (11b) 
l 

as {45,) 

r-: ()(, .f)) =- 'U(X,o0) f:t (X/P) 

and they satisfy the boundary conditions 

tim F~ (X, P)'=- £im f ± (X,P).:,, -.w;p ± i(Xg)i-11 · ~ )® 1 

(45a) 

X-oo - )(---0 • • , I 

as follows from the: definition {12a) UJX, X).a, 1 l Owing :to the 

unitary arbitrariness in gauging the radial functions (45), the 
. I 

l 
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I 
! , 

-f<.•'t' 

-'I. . 

s-matrix corresponding to the. system (27) 

5 '(§)J ·~. yp-il~f_ (~)~ (0~-{§->'I~ 

coincides with the S-matrix (23) for eqs.(11) 

. 5'(P) -=, s cff-lJ. (51a) 

It is ·valid for the normalizing matrix of discrete states [24J 

1' . M = M · (51b) 
t1 . • .n 

\ -'\ 

With . taking into account (51a), t.he scattering matrices S '(g:l) 
~ ·• 

and S '(fP),; unitary on the open channels, are defined by the 

known amplitudes t (X ,E) and . ( ( \ f) on. (33) and corr es pond 

to the system-of Eqs.(27) with and without the three-particle 

potential \f,:i,~-, respectively, The.sets { En = -'ina,> H,,.) · 
o o'l, o } . 

and 1 E\1 -=--)(
11

, Mn are energies and normalizing ma.t-

rices of the discrete states with. and without ~1~ • Gettin~ 

, 75,~ and f 
I 

from (4 7 )-(49) in the· fixed frame \e 7-represen­

. ta.tion and going back to the I cp/'-representation one obtains· 

for th'e potential matrix LJ;"23 and Jost solutions of the system 
l~' : ., .. " .·s . • 

(11b) the following relations 

lf,
2
~X)=l.l(XJ-lfQ{)~-2.U-i(X, oO) [~x KCX,X) J 1,f (X, oo), 

(52) 

f ± (X, 9)) -== U -1 ( X ,CYJ J f:/ ( X, 9) · 

It is woTth remarking that the matrix elements of U in (45a) 

and (52) are the· same provided they are defined by the same 

basis functions { ~J 
(11b) with 1.T,,2,3 can be 

J6at ~olutions (25). 

• Finally, the physical solutions of 

obtained as a linear combination of the 
~ 

··• In the generalized Gel'fand - Levitan formalism the int~~-

34 

ral kernel Q(X, X') is defined by the spectral matrices g• 
and ~ for the system (27) with and without 'Vil.!>, respectively 

f
oO o I ,...J 

Q(X,X')= . X reg(X, ~)d(q'-§')X-1

re~cx,'§JJ 
-00 

d9 -- -olE { ~. 
er, 
L. 

l'1 

\ g-' '(~)1- ~ ' 
S(E-E >N.--l 

n n. • 

E ~O 

E~O 

(53) 

Here Nn are normalization matrices of the regular solutiohs. 

Getting the kernels K from (47) on known Q (53) and applying 

the appropriate multichannel Gel'fand-Levitan formulae (48) and 

(49), one obtains the. potential matrix lJ 
1

· and regular solu-

xrrej · 
tions of the system (27). Then, 1f and X for Eqs. (11b) 

are found by the inverse unitary transformation. 

Note, the Bargmann-type potential V,:1.~ is obtained for 

the degenerated kernels Q (X,X') with a factorised dependence 

on the variable X;X I 
and chann~l indices [22J. 

Let us consider the next generalization inverse scattering. 

when both the three- and two-body potentials are unknown. It 
. 0 

reduces to the determination of effective potentials V ( X J -= . ~ f ¼_ and three-body potentials V,.l,Zl ~ hn M . It is f!.C)_lved 
, , • A ' 

at se.veral stages: i) finding of the .s-matrix via 'the amplitude 

f (X, .e) in M ' ii) reconstruction of, the scalar. potential 

matrix V(X), the matrix of the gauge vector potential A (X} 
and matrix solutions of the system equations-(11), ii) obtaining, 

. . . " ' '._" -., ·. . . . ·. ' . . . . 

of the basis functions tPi (XX), a·nd finally the effective inte- ·•. 
. 0 A t . ... .. 

raction potentials. V.(K,X'Jand '{z,3'>(,X)and total solution 'Jf(!!_,). 
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Here, as well as in the previous case; two sets of s6attering 

data(sc9)J,fElt; Mn r) ,(i(qp), f tn,t4n}J 
corresponding to the. system (2 7) with antl' 

wi tbout the potential · V,1,.3 , are used. Starting from the second 

set of data one reconstructs. the effective potential matrix 

ir '(X);:: u (>0[0CX)-0(o0~'UCR)and finds the solution~ of ;7) using 

the ordinary multicbann~l Ge1 1fand-Levitan-Marcb~nko formulae 

of the type (47)-(49). 

Now in order, to find the unitary transport operator LI (X') . . ' . . . ' 

and. energy termf:I Gj ex J it is necessary. to solve the algebraic 

eigenvalue problem 

u '(X) -u (X) = ''U (X) (0(X)- G(o0)J · 

0 . 

The matrix 1J 'CXJwas recons.tructed .like (48) while in .•the. pre-

vious case ~e solved the direct eigenvalue pro~lem for ~be frame 

•.Eq.(7) •. Furthermore, .the knowledge•.of· U(X) permits·one to 

reconstruct the matrix elements of. the. external gauge. field A 

A ex; =.:i~ (>O d._:_ ti ~Hx > .. J x · 'Y 
. · . , dx . .. . ... 

responsibl~ for the velocity-dependent potential. 

appearing in·Eqs. (11). 

• I cl 
ACX tax 

,·· 0 ~ 

Note, w'e cannot yet find the effective potential. V(X, X) = 
. ~ . J 

Zv, Iv X) ~ z. cp,. <x, X) Vt,•-J' (X) ~~r(x X) by the ordin'ary method d.. ... )<'',. :j . I tJ , 

because we·
1
<fo· not •know basis functions r.frlJ· (X, X) defined 

0 . ~ . 

by the same. potential \7 ex, X) : (7) . at each .fixed "slow" 

variable II X 11 
•. Proceeding from. the, obta;i.ned spectral characte­

ristics { <2>s(,X)) ~J (Xlf which are parametric functions Of'.-X '. 

we can formulate the parametric inverse Sturm-Liouville problem 
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for the restoration of the effective potential V(tJ'-=' iv" 
., . ~ ~ 

and the corr~~ponding solutions cpj·tx,X'J [23,24] ~ 
. Finally, using the afore;:_d~scribed scheme (47)-(52) we 

reconstruct the three-body pote~tial l.f,2,3 arid relevant. solu-' 

tions')C from {5(~J, {E~,f'\f) and'(~@), 

tEn,t\} ·: 
It is clear that the existence of the "globa}" adi'aba.tic 

basis and the possibility of reconstructing effecti~e· gauge po-,· 

tentials, 1J (X} , G 0() and A (X) f~om the th'ree;_par- .··· 

ticle scattering data are d~e to tbe fact that thT information 

concerning of fragment interactions is contained both in the 

radial solutions· a'nd basis ·11 q~asiangular" functio,ns { C1Jj} • . 
While in other- approaches such as K-harmonics method, cluster 

function expansion, etc. this.is missing in basis functions. 

That i~'why'in our·case·wi'th the ~estoration,procedure of (47)­

-(52) we can formulate the complete 3-body inverse problem in 

the presence of 2- and 3-body interactions'. 

7. Conc_lusions 

As far as we know, we. are ~he first [ 1-31 to formulate 
. . - I . ~ , 

a three-particle direct and inverse scattering problem involving 
. , , ·. •. : . . . . ... · . , .I· :, ·': 

b_oth the processes with rea;rangement __ a.nd br'~~k-ut, ,on the b'asis 

of .the suggested approach. In particular, we have I established . . ' .. , .. . . ·i 
the adiabatic limit for the Faddeev equations witbin.the total 

set of ·_surface .. functions correspond:i,ng to two typ~s, br~ak-up and, 

cluster states. The global adiabatic representation of the three-
. , : . i' ·. , ' . 

-body wave function is investigated in terms of·the·local adia-
i t 

batic.representation of the Faddeev components.·W~thin the uni-
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que adiabatic basis the three-body multichannel scattering prob­

lem ·iii investigated by usi~g_.the unitary gauge transformation. 

Thus, we give a new formulation of the three-body scatte~ing 

problem on the basis of the global adiabatic represent~tion and 

correc_t boundary conditions by taking account of break-up and 

rearrangement pr6cesses in contrast with ordinary hyperspberi-

' cal andadiaba~ic approaches l221~ Owing to this obstacl~ in 

( 1 ,3 J: ~e have s_tated and in [24] have formulated the inverse 
: ''· .. ..,. 

scatte~ing problem,and also suggested the method of construe-

tion of th_ree.:..body Bargmann type potentials. Further investi..:. 

gations_ of exactly solvable three-body and multidimensional 

, i., models will be co_nsidered elsewhere. 
~-
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Hosoe aAHa6aTH4eCKO~ npeACTasneHHe Tpex4aCTH4HOl1 
JaAa4H pacceRHl1R · 

E4-91-379. 

11ccneAyeTCR 
0

HOBOe aAHa6aTH4eCKoe'npeACTaBneHHe Tpex4aCT~4H011 BOnHOBOl1 
(jlyHKLIHH, n·ony4eHHoe 4epe3 noKanbHble aAHa6aTH4eCKHe pa3no>1<eH11R AnR ¢aAAeesc­
KHX KOMnoHeHT. B pe3ynbTaTe Mbl KOHcrpy11pyeM YHHBepcanbHbl11 aAHa6aTH4eCK1111 
6a3HC, oni-1Cb1BaKX11Hl1 BCeB03MO>t<Hble KaHanbl Tpex4aCTH4HOl1 CHCTeMbl,- BKnl04aR non­
Hbll1 pa3san c11creM1>1 11 nepepacnpeAeneHHe ee (jlparMeHTOB. 6onee roro, Mbl AaeM 

,nonHYIO Knacc11(j)HKa41110 COCTORHHl1 6a3HCa H COOTBeTCTYl<XJ1HX nosepXHOCTHblX (jlyHK-
41111. 11cnonb3oBaHHe. reoMerpH4eCKQro noAXOAa H cneKTpanbHOi:1 Teop1111 n0Json11no 
HaM pa3pa6oTaTb rno6anbHbll1 aAHa6aTH4eCKH11 · noAXOA K Tpex4aCTH4HOl1 3aAa4e 
pacceRHHR. -- Ha OCHOBe YHHBepcanbHOCTH- nocTpOeHHOro 6a311ca 11 y4e,:a (j)H311'--teCKHX 
rpaHH4HblX ycnoe1111, aBTOMaTH4eCKH cneAY1<XJ111X 113 HHTerpanbHblX ypaeHeHH11 Cl>aAAe­
eea, Mbl ¢opMyn11pyeM Tpex4aCTH4Hyt0 npRMytO H-06paTHYIO 3aAa4H pacceRHHR C KO~ 
poTKOAe11CTBYKXJ1HMH noreH411anaM11,_nocneAOBaTenbHO CBOAR 11X K MHoroKaHanbHOl1 
paA11anbH01111 napaMeTp114ecKoi:1°Kea311yrnoeo11. 

Pa6ora Bb1nonHeHa e na6opaTOp1111 reopern4ecK011 cj)H3HKH 011!!11. 

. - . 
Coo6111em1e 061>eJJ.HHeHHoro HHCTH-ryra MepHblX HCCne.noeaHHii:,llY611a 1991 
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New Adiabatic Representation for lhree-Body­
Scattering Problem·-

\ 
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A new adiabatic representation of ,the three-body wave function obtained 
in terms of the local adiabatic expansions of the Fadd~ev components is · 
investigated. As a result, we construct a ~nique adiabatic basis describin~. 
all possible channels of the three-body.system with inclusion of break-up 
and rearrangement ones. Moreover, we give a complete classification of the 
basis states and the corres~onding surface .functions. The implementation 
of-simple geometrical and spectral arguments allows us to work out a-global 
adiabatic.approach to the three-body-scattering problem for the class of 
pair-short-range potentials. Tnerein we formulate the three-body scatte­
ring problem by consistently reducing it to the multichannel.radial and 
parametric quasiangular ones, including the correct boundary,conditions 
with. account of break-up and rearrangement processes. We also state the 
inverse three-body problem. 

The investigation has been performed at the laboratory of Theoretical 
Physics, JINR.· . .. 
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