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INTRODUCTION 

Irr sp~te of a significant succesS achte~ed in the quantum 
few-body pr ob l em, the description of tt A-interact ions on the 
basis of exact many-body equatiüns ~s restricted at present 
by the consideration only of the simplest case, namely, rrd 

11/' .system ,( .
 
The existing'microscopíc approximate methods such as tqe


/ 2 / coupling-constant-evolution treatment , the ~-hole model / sr 
the varia t i ona I' approach /4/, the nuc lear-'Hami 1 t on í an f {"nite
rank-approximat ion method / 5 ,6/ , the mul. t i.p l.c-rs ca t tering theory/71 
and others used for the investigation of pion interactions 
with three-nucleon and more heavier nuc l e i in many cas e s snffi 
ciently correctly describe the rrA-dynamics. However, thesé 
methods demand a 'cons i.de r ab l.e comput a t i onaI work. That is· why 
in the calculations where the wA-dynamics is only'a part of' 
any large problem one uses, as a rule, some highly si.mpLi.f i.ed • 
methods. As the most commonly used of them i:here is the dis
torted-wave merpod bas~d on a phenomenological optical rrA -po
tential/~l. One of the substantial ~ssumptions of that method 
consists. in the representation of the whole many-body rrA-wave
function as a product of the two~hody relati~e-motion rrA ~func

tion and the nuclear function. Sucn a faciorization means that 
the nucleon motion inside th~ nucleus is assumed negligibly 
pert~rbed hy the presence of the pion. At high pion energies 
wheri the interaction ti.me is signíficantly less than the nuc
leop mean-free-pa~h time inside the nucleus those perturba
tions are líkely small. But at low ene-r g i.e s , for example, ih 
the processes of threshold pion photoproduction and absorption 
of stopped pions by nuclei there are no sufficient reasons to 
assume the smallness of the perturbations. A theoretical analy
s í.s of these processes 'involving 'lightest nuclei is e'spec ia l l y 
ínterestíng in víew of the meson-current and other degree-of, 

'freedom invest{gatíons. However final conclusíon~ may be done 
only just after a sufficiently exact descríption of the pure 
potentíal part of the problem. 

In the present work, using the method of the nuclear-Hamil
tonían finíte-rank-approxímation, we c~lc~late (without inclu
sion of the Coulqmb forces) .the whàle 4-body wave function o~ 
rr(3N)-system at zero pion-kinetic-energy and explore how'sig
nificantly pion distorts the wave-function of ~N)-subsystem. 

Moreover, we presen~.~~ ca~culat~~~~' function in a semi
::t ~~ I ~ 'ri4ffTtrt 

.• . ~ . i' ".\ .~i~.;t'';;Ullma 
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" analyti~al form wqi~h enables one to'us~ it in diff~rent cal
culations. 

\ 
1: FORMALISM J 

We wr í t e the total 7T(3N)-Hamiltonian as the, sum H=: H + V + HA,o 
H~re Ho describes the free rélative motion of pion and the 
c i m. of the (3N)-subsystem governed by the Hamiltonian H A , 3 
V =; L, Vi ' is the sum of 7TN -potentials. Further we will need' 

i= 1 
the following, Green functions: 

'( ( )-1 -1 -1G z) = z - H , GA(z) =;, I (z - HO- HA) , G O(z) = (z - H o) . 

The 7T(3N~scatter{ng amplitude is the asymptotic state average 
'of t he operator T =; V + VGV, which obeys the equation/ 51 

T =: T+ TGoHAGAT, (1 ) 

where r is a solution of the auxiliary equation 

T=;V+VGOT. (2) 

As is well-known/7 / , eq , (2) describes scaç ter íng in the f í.xed-: 
scatterer-qpproximation (FSA). 

We stress that the couple of equations (1,2) i8 anJexact 
formulation of the problem. The introduction of the FSA-ampli
t ude is only a convenierit formal t r í.ck , Obtaining r and then 
correctly solving eq.(l) one may, in principle, find an êxact 
solution even' for such a problen where FSA is certa í.nl y inap
plicable. However, the presence of the complicated.many-b~dy' 

opera t or s HA and GA makes it impossible' to solve e~. (1') witho~t 
~ny approximation. Following the proposal of ref. / / we appro
ximate t hé Hamí.Lton í an H by the first tem of its spectral 
expansion 

A 

H :::; ( I-+.> <-+.1 (3)Jf A_ o 'fi 'fi I, 
't , 

whexe (o í.s the energy of the bound s t a t e IcP> of the 3-nucleon 
system. Â s,ufficient condition of app l.i c.ab Id ty of such an apí 

proximation is the absence (at a given collision energy) of 
open nuc Leus-sbreakup channels /6/, , 

Therefore, investigating 7T(3~~scattering at the threshold 
ener gy (i.e., at ze-ro relative 7T(3N~motion kinetic-energy) 
we may perfectly use the approx1màtion (3). Then from eq.(l) 
we obtain for "the elast{c amplitude '<k', cP ITI k, cP> a r a t her simple 
, • '-> • /5/
1ntegral (over var1able k ) equat10n 

2 

\,f/l 

<::T>=: <r>+<r> Ga(z)f:.oGo(z -'(o) <T>, (4) 

where the br acket s < > denote the average over I d»> , 
Solving the elastic scattering proble~ (2,4) we can obtain 

the ~orrespon~ing wave function by means of the'equation 

2 
I r/J-> > = lim U- GÚ O + L, + i r ) Ip, cP > ~
 

p (->0+ 2/1
 

Representing the full propagator in the form G = G + GATG A . 
and taking into account that the a symp t o t í.c state ~p, cP> (where 
p is a pion momentum in the 4-body c.m.-frame) is an eigen
state of (~o +H~we arrive at the following exact expressiorl. 
f or the 7T(3N}-wave-function 

Ir/J-» = I;, cP>-+ GAT l~, cP>, (5) 
p 

Now we use approxi~ation (3) to rewrite'thê ~ropagatot G
= GO+GOHAG A as follows 

A 

G.t\(z) =: Go(z) + (oGo(z) I cP> <cPl Go(z - (o) 

I 

and to obt~in from (5) the following approximate expression ~ 

'i cfJ-> > = Ip, cP> Go(z) T(z) I P, cP.> + ! cP> (oG,o(z) G"o (z - (o)x-t
p 

x < cP i T (z ) I;, cP.>, 
(6) 

• I 
2where z = ISr'd-,(O + in, E

p 
= P í'2/l, 

Let ~ =: (r , p)-> be a set of the Jacobi coo r d í-na t e s of 3N-sub
sy s t em r = ç1 - '2, , P= 3/2 Z3' where (i is the radi'us-vectw:- o f 
an i -r t h nucleon with respect to the 3N -c .m , The four-body wave 
function (6) in the mixed representation, is' 

, ), -> -> -> ... --> --> -. -> -1 
" <k > f! cjJ -> ,> = <k , f i P, ri> > + <k , Ç! T ~ P, cP > (z - E k) + 

->p-~ -> -1 -1 (7) 
\. . + 6{)cP(f)<k, ,cP:TIP, tP>(z - E ) (z.- (o - E )

k k 

Besides the elastic amplitude eq . (7)' involves a matrix ,~ 

<k ,ê: T! p," cP > for which, anaLogous Ly to eq. (4), we obtain 

<k, ê! T i ~, cP > == cP ('i) <kI T ( ê) !~-> + 
• I 

/' + f(JcP{ êJ f d'~{3 _<k L:J~~ \~ :~, 4J IT r;, ±? (8) 

(2rr) z -·E Z·- (.Q--E 

'1-" 
Here we have used the Jliagonality of \he c,ma:trix. r wi t.h rrespec t 

-+ ...... "t -+ -+ -+ 
to states l-ç>, i.e., <ç' I ri c> = 'ôCç' - Ç)--r(.ç1, 
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,~ 

Adding and subtracting the 
\ 

term 
~ ~ ..., ~ /~ -1
 

cp {ç~ f~ (k) == cp (ç),<;k, cp IT I p, cp> (z - (o - E k ) I
 I 

P	 , ,t 

'fn,	 the right-liand s í de of eq , '(7) we arrange that expression 
as follows 
~ -+ ---lo -i' -i'--» 

<k, ç1'/J-~ > = A~ (k, ç) + B~(k, ç),	 (9)
{)' p p 

...,~ 3 ~ ~ ~ ~ 

~ (k, ç) = ((2 7T) t) (k - p) + f~ (k) 1 cp (ç), ( lO) 
p	 p 

_ ~ ~ ~ ~ - ~ ~ ~ ~ -1 1

a, (k, ç) =: « k, ç I'T I p, CP> - cp (ç) <k, cp IT i p, CP'>] (z - E k). (1 I ) 
p 

,. ,."	 -)o :-+ 

The first, f actor.í zed in k and ç, term o f e q . (9) corresponds 
to the usual representation of the full wave-function in the 
distorted-wave ~ethod. That term describes·the scatt~ring pro~ 

cess without changing the initial ~N)-configuration.,Th~ ~re= 

seÍíce of the pion\ inside the nuclear sllbsystem apparently' dis .... 
t or t s' the nucleon-motion. The term I3~ describes that d í s co.r-: 
tion, i.e., the scattering going throtgh~changed (3N)~co~tigu~ 
·J;ations., Rea Ll.y-, mu-lt i.p'Ly i ng .eq . (11) by cp:+(~).and í.nt egrat i ng 
it ,?ver~, one e~sily verifies that the function I3~(k, () i8 

r	 orthogonal to cp(ç). C9nsequently, function (9) takeE account 
cf t he continuous - spec t rum of (3N') -subsystem. Ai the first 
s~ght this seems to éontradict the used approximation (3). But 
we searcb the amplitude in the form T =: r + (J, where (J is thé ! 

integra! termo of eq.(I), and get the ápproximation (3) only to 
ob t a í.n O. The part of the problem (Le., -eq. (2)) w:ill b e solved 
exac tly wi th Lnc Lus ion of ,allthe (3 N)-configurations'. 

2. SCHEME OF THE WAVE FUNCUON CALCULATION AND RESULl'S 
~""l' J" 

Having in mind 'that we restrict ourselves to the thFeshbld 
7T(3N) -stat~ consideration, let us search only the 8 -wave com
po~nt of' wave function (9). 'For the same'reason we assume that 
the pion inte~acts with a nuciedn only in two channe~, namely 

and 8 3.1' and t he state \cp> nas only .t-he S -componente8 11 , 

To solve eq.(2), we define the ~ollowing 4-particle basis 
stdtes ' 

[k ,	 ç, (t:«t1t2')t12t3) t)II.z> = Ik, ç, a, I, I > ' (12)z
 
f
 

whére 'ç= (r. p). and the isospins are coupled according to the 
f.oILowj.ng schem~ I ='1 7T + «t1 + t2) + t 3). In (12) we don' t ';'rit;e 
the angular var i.ab l.e s. because all the orbital ones are equal to 
4	 \ 

/ 

z~ro and, as a 'result, operators r aná y don't'depend on nuc
leon spins. 

raking into a~count the diagonality of eq.(2) with respect 
to ç and I we write it in the forro 

<k /, 
a '	 I rI (ç)1 k, a> =i<k /, a'l VI (ç) Ik, a> + 

('13)'O:". 

1 
00

2 I /I <q , a 1/ I r 
I 

(ç) Ik , a >I I

---"2 L J dq q <k , a IV (OI q, a > ------,----,. 
27T' a 1/ O Z _ E - . 

, q 
'~ ~ 
~ I 

:~~	 Let us express the many-body ~perater V in -terms of' the channel 
two-ibody potentials v, operators PJl i of proj ecting o f a 7TN i 

í 

.'
1'~	

s t at e. onto a ~Jl -,th c~nnel ando the space--tr ans l a t on operators ~ 
,"4 Qi = exp (i'i K) sh í f.t ing the 3N -e.m, by the ves tor Zi (here K 

.) is tHe operator corresponding to the momentum k) 

3	 2 ,
-; V = L 1 Q. v P 1 Q:.


i::::1Jl;,d 1 Jl Jl 1
 

Expr e s s í.ng li in terms of; and p we ob t a-i.n for the 8 -wave 
projecilon of the operators Qi the ~ollowing 

,,,.~ '.,
 
QS1' (k, ç). =: jo (~L ) jo (j{g ) i =: 1,2, Q;(k, ~)'=: jo(f kp).

,I 2 3"l, , 

Therefore, we have 

I
 
", <k I. a' I V (Ç) I k, a > d
 

(14)
3 3 S S . i
 

= L L Q.(k', Ç)Q.(k, ç)v,(k',k)<à'II IPJ11a 11 >..
 
i::::1Jl=1 1 1 Jl Z Z 

The	 calculation of' matrix elements of projection operators conI 
sists	 in the recoup!ing of the i~o~pins 

..... 
• 1 3(t I + tJ+,l 9.." ~ ~ ~ 
<a'II	 \P iaII >=(-1) t'L/1í12t/t

zJl z IL 2 
1J 

\J t~ + t	 7T 
x 1 (-1) 3 23~2 jt7T I tI} jt I t} {t23 t 1 tI} { t 23 t 1 t } 

t t
23 23 

t 23 t 1 tJl t 23t 1 tJl ti2 t 3 t 2 t ' 
.. 

r~	 t 12 t
3, 2 

2 3( t' + t) - Ü I + t • ) + 1 
<::a~IIz !PJlI allz> = (-1) " 12 12 t:t~2 t12t 

/t. x 
.r " 
t " .lIlc '-,	 5 

I ... 

x 



f ~~ 

I 
- ~2	 311 2 311 2 I' 

:" I t'} {tiTI ) r 1 I:)'J 1

..'" 

x	 2 t 31 
t
 

t 31 {
 t-, 13112 I p,.l .1'12 13 Ir J {112 t 3 
t1 31 12	 1 J 

. 3 2( t + I ) + t'" + t .... 2~ ....
 
<(l'II IP laII > = (-1) 7T • t t't x
 . z ~ z	 ~ 

r ~ r
t7T t 3 t~ I It 7T t 3 t~ 1
 

x ~ ,
í~	 r ' I '., i
i 

i 

( t 12 I t j !_ t 12 I 

where â = .j2~~1, t ~ is t he, 7T N -isospin in the channel ~, t 23 

~nd are the isospin? oJ the corresponding n~c{eon parrs.t 31
 
As V~(k~~W~ use the separable potential
 

2
 
V'L (k", k ) = À~ li 

~ 

IL (k ' ) h / k ) , h~(k) = (k + f3/~rl.
 

~befining the functions 

S	 . 
g.n!~ (k, ~) = h~(k) Qn + i k.~ ç) , n = 1 2 

and the matrix 

n~ 1 2. 3 
L , = À <,a'. I, I . i (P + 'p ) o 1 + P o 2 la, I, I <, , n: = 1', 2 

a	 a IL z IL ~ n ~ n • z 

we wr.i te eq. ( 1·4) in the form 
", I	 nIL, 
.	 <k " a' I V (e) i k, a" ~ g (k ': ç) L ,g ) k, ç).c= 

n~ n~ a a n, 

A solution of eq. (13) wíll be searched in the form 

, c n'~'n/Zí-r/I 'c v"<k ', (1' I rI (ç)1 k, a'.< l g , ,(k , s) w, (ç ) g ( k, S). (1 ~n 
n ~ a a I n~ 

n'~' n/l 

Then for the coeff·icients W we obtain the sy s't em .of linear 
/lgebraic equqtions
.' , 

n ' ~ '~ _.,.n IL . n ' li ' n li li " n IL
W , - L, + ~ L , "J , , " ,;W ,,,. (16)

a	 a a Çl aa n~n~ aa
nU/I"a" 

wher~ 

. 1 oc 2 
I, J , , (ç, z ) = --~ (d k _-!-- g 'IL' (k , ç) g ( k, ç).'/ ~ n	 ~ n ~ 2 2 O - E n n~7T Z - 'k 

6
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i' 
I,

I, 
l 

li
,{ 

t 
\i'« r 

"'"'" \;'/ 

1 

;} 
;ITh 

é 

" 

~ • I ~ ~ 

r.I(k',!t),= fdrdPlrp1>(r, p)12 rI(k.', k, ç), 
O 

The dimension of the mat r í.x W is n· ~ . a = 2 . 2.4 = 16. The S -com-, 
ponent of 'a three-nucleon nucleus wave function has the forro 
cp(t.)(-X"iJ'-X'T/")IV.,2, whe r e T/'I and' T/" are the Lsospín func t í.orrs 
with t 12= () and t 12 = 1, and X', X" are the analogous sp i.n func
tions. Using the independen~e of r on the spin states and the 
orthogQnality of X' and X" we find that the amplitude rI ave-~ 
~aged over the ~uclear function has the f~~m 

, 
! 
{ 
f 

j. 
, j.: ~ 

1 
I 
~ 

t 
I 

~ 
" \ 

. ~ 

~,: 

I y. 

1~" ," 

where 

rI (k' , k , ç) = -..!. 
2 

2 
t 12 

<k " a I r I (ç) I k, a>. (17) 

lo The correspondi~g full amplítude obeys the equation 

\ 

\ I 
T (k , p) = 

I 
r (k, p) + (O 

00 

d qJ -  2 
q 

I 
r (k , q) 
--- 

I
T (q, p) 

-------  \ (1S) 
-- 'I, 
f' 

O	 2 7T 2 'z - E Z ..... ( - E " q	 • O' q 
» which is a specific form of eq.(4).~ 
y For the S -component of the 'full wave 'function (9) we ob t a i n 
~ - from (S-11) the expressions 
; ~
 

I I I

If: 

d 
tPp (k , ç) = Ap(k, ç) + Ep(k, ç.}, ( 19) 

r -""'" 
~	 ~ " 
1 ' A~~k. ç) = ['27T2'o5k - P)/k

2 
t f~ (k)l.1> (ç),	 (20)' 

~ 

~ I,)/' I3~(k, ç) = [T
1(k,p, ç) -1>(ç)T ( k , p)l/(z - E-I<)"	 (2).)t	 .. 

'I 

fi " 'X.I t: rI.n,	 ... I t I t: (O 2 r (k q s) T (q p) 1
T (k, rp ç) = <,0 ( Ij)' -[ (Ik, p, s) + - f dq q -'-'-'--------!----- .' (22)l .	 ~-.ió	 

2 7T O (z - E ) (z - e O - _E ) 
.....q . q 

which are just the formulae we havé n sed for the cal cirfa t i.oris ,
 
'r To obtain numerical results, we use 7TN-potential range-para

1 
I 

met er s f31/~{13/2 = 2.6?9 tm-1/91 which yermitr a s'ati s f ac t ory
 
descriptionboth for 7TN 19, and for 7Td /10 and 7T3rIe /111 elastic 

] 
f 

scattering. 1he depth-parameters À we~e chQse~ to reproduce ~~l the experimental 7TN ,-scé\..ttering-Iengthsj12/a~~= -0.257 frn, 
a ~~2 = 0.154 fm. Às ~'(ç);)e use the Irving f unc t i.on 11?1 

" 
:1. d>(ç) = !':1exp(-K T/), K = 0.5745 frn- 1 , T/2= !-r 2 + 1_ p2.
 

...... 2,... 2
;; 
F.or the ~nergy {o we take its éxperimental value -7.)1'S MeV. 

~ 
E~uation (YS) will be solved f6r the threshold energy p = 0,
 

'oI" \E=(o by a standard method. We replace the upper limit of th~
 

4 
;1, 
'I,·
 
I'
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Table ':\ 
\ 

..l~
'Further" t hevfunc t i on T(k) O) í s ,'inter.po1ated/on the segmerrt 

~ 

/[0" b] by t he cub í c sp1ine which is a function S(k) E CCo, bJ1/2 6
 1/2' 6
 . 3/2,tO 61
T~/2. 106
 
i
 -r. .10
 T.	 .10
 -T'i	 -, '<;,b'eying'the equa t i.ons S(ki) == Ti ' i = O, .... , N' and be í ng a cu1
 1
 \\ - "bic po1ynomia1 on each segment l k, k. '1] /14/ 

1 1+ 

,.~ -S(k) = rIJ. (t) (T" T. l' m. m. 1) T ,275306 
~ 

910263 13 i -175
O -204 
1 1 1+' 1 1 + 

~I ~1
 
_ . 87
 !! í275091
 909449
I
 48
 , r	 where t == (k - ki }/h i ' h , == k.+ 1 - k : and e1ements of t he row14'1 1	 1 1
!I' ... 

"'àre as f~llows~fw ,
269494
 888129' 62·2
 15 I 64
 

2,", tI/ (t) == 2t 2' _ 3t 2+ 1, t/J. 2 (t) == _2t 3 + 3t
1
I,' 1	 1
789330
3
 16
243302
 5,562
 (24)3 2
í; ,,' t/J'3(t) == h. t (1 - t)2, t/J'4(tr) == h. (t _ t ) . 

52
17
 
I 1 1 1 1
58,
4,	 186520
 581018
 " ,	 , 

(.S~ch a representation guaranteep the cont1nuity pf ~he tirst~ . 51
 118287
 332879 ~. 18
 48
 46
 de r í.va t í.ve s of S(k) everywhere on ~.O. bJ-. The continui ty condi
~pion of the second derivatives at the inner points of the net

41
 I
6
 5Ç3992 146841
 19
 45
 'S,"(k. - O) == S"(k i + O) is expressed by (N -.l)equations fpr the 
1 • ... s ( ) 

~~,.:i.u'nknown coeff i c i.en t s mi == 'ki '
 
~7
 23492· 51573
 20
 39,
 35
 .. '-1 -1 

>,:À.m. 1+2m. +/1.m. 1==3[/1.h. (T. l- T . ) + À. h . l(T. -:T. 1)],(25)
3I
21
A8
 1, 1- 1 1 1+ 1 1 1+ 1 1 1-' 1 1-'


~154898629
 38
 
',-1 -1 .	 ".

,where /1. == 1"+ h.·h. l' À, == 1_11., 1 = 1" ... , .N-.l.The part i a l 
• • • • J '. 1 -r 1 - ~ 1 rI' , •2/akak" o f9
 3119
 4782
 22
 29
37
 . ,der1vat1veS a/ak , d/ak', a f unc f i.ons (15), (I7~ are 

.I
1.. '~qua1 '~o ze r o on the 1ines 'I{, == 0, 00, k ' == O, and k ' == 00, con àequent r23 i
854,
 3,50 2.734
 
I 

to I	 Ly, 'from eq. (I8) -we have Tk(k, O) == O, k =:O,oo.which 'g í.ve s us 
the boundary c ond i tions mo = m N == O for the sp1ine bui1ding. 

l~	 " ." . 24
 11 488 233	 


29
 26
 
I 

Solving eq. (25) we obtain." " 
N

466
I2 209
 25
 26
 24
 • mi =. 3 .~à Bij Tj , i =: 1, "" N - 1, m O = mN == O,	 (26)-
, ,I J-, 

integral by a sufficient1y great'va1ue b = 12 fm-:. ~his choice i, where the matrix B "í s c omp1e.te1y defined onLy by the choice
 
is caused1by the fact that the kernel of eq. (li) decreases by ·of net (23) and is as ·fol1ows
 1,:.:. 

(;six orders with increasing k , q f r om O t o 6 fm- 1. 
- - ·-1	 1


On the segment[O, b] we construct the net	 ~B.. == h. Ô. [/1. r. s. + (2 -. À. ) r .. ~. ] + À. h-o C. Ô. Ô.
-.IJ J-l JO J-l lJ-l J 1 J lJ JN J+l J lJ+l JN-l JN' ,

(27)
 
L\k : O = k O < k.(

~ 
< ... < k N- 1 < k N= b, (23 ) (== 1, ... , N - 1, j = O•... N, (\e == 1 -:- ôke.
 

,	 , I 

\	 i I 
w~ere k 1, ... , kN-.1 are the Gauss ~nots (N - 1 = .24). .Eq. (I 8) ! 1 r·Hér.e r 1S the inverse mat r í.x of system (2S). For each va1ue ~"
 

written for inner, knor s of net (23) transforms (after. r ep lac í ng 
=I: o f ~ the func t Lon fi (k'. k , ç) (17) is computed at the knots of
 

th~ integral by the Gauss sum) into a system of 1ineàr equations lI!
 the two-d imens iona1 net L'.w == L'. k' x L'. k' where L\k' and L'.,k are
 
solved by the usual method of matrix inversion. ~:' ." nets of type (23). Tak.i~g the kno t va l ue s = r (k t, kj • ç),
rij 

VaJ..ues »: =_TI (kp ,O) t hus computed are re"presented .i.n the i,j = O,.~., N we intérpolate that function on the square
 
~ . ' " 2
Tab1e. T~e numbers T6 are proPQrtiona1. to rr~e-scattering i' ,tD == 1k ", k : O .s k' S b, 9s k ,S. b I by tn~ bicubic spline S(k', k) ç.C ) '
 

Lengt.hs in' t he corresponding i sotop í.c states Ú


,:	 àn e ach ce11 w i · == l i ', ki+l] x l e. k .+.}] such a sp1ine is a b-i.r
~ 

", ~	 cüb i c po1Y!lqmla1 S(k'.. k) = t/Ji(r!')FJr/Jj (t). where the elements of 
a 1/2 == -L T 1/2 - _ O 0876 f; a 1"!2 - L T 3 / 2 - 0,2895 f	 \

r"3 . O - / • _ t"m , 3 - . O --,. m • ~he róws ~i(t:) and ~jCt) ar~ functions ~24) of the variab\esrr He 2 rr . rr H e 2 rr
 
8 "t 4 = (k'-, ki)!h, and t == (k - kj )!h . The tnatrix~ F(4x4)
j

!	 ~ 
I	 9
 
1.1~~1	 l' : 



..., I 

~ 
trr'l'.
i 

• I 

contains coefficients which are the k~ot spline-va~~~s aRd the
 
corresponding âerivatíves
 

l 
" I .'

F r
 
nm n m l.+ nm k n m
kE S(k', k}, Fk o 2 =:N =S,(k', k), h 

.' 
" 't" 

(' I I~ t 

M =: S (k', k ), F 20 2 = K =: S, ( k ' ,k ),Fk + 2E nm k n fi. 
f 

k+ l.+ nm k k n m ." 

~I,where k .= 1(2) for n = i(i + 1), E 1(2) for m = j (j + 1). Due 
to the eqU:~tioL1s 

Tk , (k ", k, ç) = T ( k " k, ç) =: T, (k " k, ç) =: O" k ", k = O, 00k k k .. 

a I L the coefficíents K, N, M at the boundary knots e'quaI ,,',
 
zero, 'and the remaining ones are to be computed st.ep by ste,p '\
 

by the formula
 
-, f,
 

N N N
 
M 3I.13 T,N 3 2. B. o To., K .. ~ 3 2. B. o Mo ..
 

íij f =0 jP iP j. P=o ir lJ IJ f=:O r t, l.J 

v- f'We ca Lcu l.a t e function (19) f the 77 3 He -system by fo rmul aeó 

d'(19-22) where i rts t e ad of T1(k, O) and ~ (k ", k , ç) we, take the
 
corr~sponding splines ~pproximating that with the accuracy 

1= 3/2 

("l,p> Im 
I:: ~/2. 

80 

("z,f) Im 

2 
\ 

~O 

tiO 

'fi S
4 . o 1 X (Im) 11 1 -2 3 
O ( (rnax hi) ). 1 ~ 

\ 

i=O •... N-l \. 3 f . h" .
Fut~her, carryin~ o~t the Fourier transformationof func- z en t i a t e the 77 He - unc t í.on , t en i t i s c orrveni.ent to use
 

t i on (19) with r e s pe c t;' to variable k, we ob t-e i n it in the (x, ç)...". á spline-interpolation);
 
rePlesentation, where x is a dista~ce between t,he pion and the !+) the calculation of T I( k, O, ç) by formula (22);
 
(3N)-c.m. \ 5) the final calculation of l/J I'(k, () by f ormuLàe (19-21) .•
 

In the 'Figure the rafio is displayed for two parts qf the
 
77

3
'l le -wave function 1 BoI Aoi . 100% as a function of x . This f unc-:
 

.tion is shown for differerit values of the nucleo~ coordinat~s ,/ CONCLUSION
 
(r "pL ,
 

As is seen, .at x .:$ 2 fm, that is, when the p í'on is placed I Therefo~e, the configuraiion qf a )-nucleon subsystem is
 
inside the nucleus, the orthogonal addenda Ao and 13 are com ,~ significantly distor,ted due to the nucl eon interaction with
 

0
parable w i t h each .ot he r , Consequently, the f actor i.z a t í on of ihe pion when. alI the distances among the four particles are' 
the total function in that region is not correct. comp?rable with the size of 3He -nucleus. As 1:1. result, calcu


, Formulae (15'-22) give án opportunity df cómput í ng a correct lations of the ma~rix elements of any operators which mainly ~
 

. (in t he Iramework of approximation (3 ),) 77 3He-wave func t on ac~ in the nucleus inner-region, may denamd 'to take into account
í 

with modest computer-time consuming. the distortions, i.e., to know the correct wave function. 
fThé computatiün process may be divided into five steps~ 'The scheme presented is sufficiently si.mp l e for a: correct 

IJ the solution of the set of linear ~quations (16) for !~ description of the four-body-system dynamics in the framework 
the.. ma.t r-i x W wi th d Ime ns í.on (16x16); . 

.1
,\

' 
of the used approximation (3). 

2) t he cons t ruc t i.on of t he FSA-9-U1pli,tude fI (k',;k, ç) by for
v,muLae '115 17) ..
 

3) the ca LcuLa t i on of T (k , O)by í.rrt e rpo Ia t i ng its knot va- \. our work and useful discussions.
 
lues display.ed- in .the "I'abl.e (ifone intends furtherto dif:fé


, \., "I In conclusion we thank Prof. V.B.Belyaev fo~ .interest in 

10 
.., 

I. • 
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ITynbMeB B.B., PaKHTRHCKHH C.A. 
lleTbJpexqac TH'IHaR BOnHOBaR ¢IYHK~HR 
gnR noporoaoli 3HeprHH 

TT ~e -cHC TeMbJ 
E4-85-122 

Ha OCHOBe npH6nHJKeHHbiX tJeTblpexqacTH'IHbiX ypaBHeHHH BbJ
'IHCneHa BOnHOBaR ¢IYHK~HR TT ~e -cHCTeMbi npH . HyneBOH KHHeTH'Ie
CKOH 3HeprHH ABHJKeHHR TIHOHa OTHOCHTenbHO Rgpa. 06HapYJKeHbl 
CHJibHble HCKaJKeHHR BOJIHOBOH ¢IYHK~HH RgepHOH TIOACHCTeMbl, BHOCH
Mble npHCYTCTBHeM TIHOHa, KOrga paCCTORHHR Me)I(Ay BCeMH tJeTblpbMR 
qacTH~aMH cpaBHHMbJ c pasMepoM 3He . BbJ'IHcneHHaR 4-qacTHtJHaJI 
¢lyHK~HJI npegCTaBJieHa B TIOJiyaHaJIHTH'IeCKOM BHge, 'ITO TI03BOJIJieT 
HCTIOJib30BaTb ee B pa3JIH'IHbiX paCtJeTaX. 

Pa6oTa BbiTIOJIHeHa B na6opaTOPHH TeopeTH'IeCKOH ¢1H3HKH OHHHI. 

npenpHHT 06~e~HeHHOrO HHCTHTYTa RAepHWX HCCneAOBaHHA. ~y6Ha 1985 

Pupyshev V.V., Rakityansky 
Four-Body Wave Functi~n of 
at the Threshold Energy 

S .A. 
3 rr He -System 

E4-85- 122 

On the basis of approximate 4-body equations the wave 
function of rr 3He -system is calculated at zero kinetic ener
gy of the pion. In the case when distances between all four 
particles are comparable with the nucleus size a strong 
d istortion of the wave function of (3N) -subsystem caused 
by the presence of the pion is found. The calculated 4- body 
f unction is represented in a semianalytical form, which 
makes it possible to apply it in different calculations. 

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