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INTRODUCTION 

At the present time, interest in the ""• nN and NN scatte­
ring processes in the energy region up to the second pi-me­
son creation threshold has been caused by the task of revea­
ling and taking into account the quark degrees of freedom in 
the low-energy pion-nucleon interaction. For this purpose, 
in refs/ 1 • 31 the field-theoretical, phenomenological quark 
models for the meson-nucleon vertex functions have been pro­
posed. 

The most general field-theoretical approach, which enables 
us to obtain the ""• 11N and NN scattering t-matrices making 
use of the known meson-nucleon vertex functions, is the one 
based on the Bethe-Salpeter equation or its quasipotential 
reductions14•51 • However, it is well known. that these reduc­
tions are not unique and one l'an obtain different quasipoten­
tials and propagators in the resulting three-dimensional equa­
tions due to a different choice of the reduction prescription. 
These equations differ from each other in the nonrelativistic 
limit 161 and it is necessary to use different phenomenologi­
cal parametrization of the vertex functions in order to repro­
duce experiment~! results. Furthermore, the quasipoten­
tial is often derived with the use of additional simplifying 
assumptions, which we shall consider, using, as an examyle, 
the one-boson exchange model of the NN-interactions 17•8• 51 , 
obtained within the framework of the Blankenbecler-Sugar qua­
sipotential approach. It is w~ll known that in thismodel for 
nucleon-nucleon scattering the equation for the scattering 
t-matrix has the form of the Lippmann - Schwinger equation 
with the relativistic kinematics: 

cr-t-+ ......... -+ ....... -+ cr-+-+ 
J(q'q;E<t )=V(q';q) +(dkV(q';k)0

0
(k,E-q )J(k,q;E-q ), (I) 

where q' and q denote relative momenta of nucleons in the l.m. 
frame, Eq is the total energy of the system: E-q =2v'm~+~ , 
0 0 (k; E-q ) is the three-dimensional propagator for this quasi­
potential equation, and V{q';q) is connected with the kernel 
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of the Bethe-Salpeter equatiorr K(q'qiP) in the following man­
ner: 

V(q';q)=K(q'qiP)I, :K(p'p' ;p p )lp{+P2=P1+P2=P 
q =Q =o 1 2 1 2 , o o Q0 =Q0 = o 

(2) 

where q' and q are the relative energies of nucleons in the 
c.m. fr~me, P ~(Eq; 0) is the total four-momentum of the sys­
tem and p1 = (1/2) P± q are the four-momenta of individual nucle­
ons. 

In the one-boson exchange (OBE) model the following essen­
tial simplifying assumption is made 17·8· 151 : the off shell 
behaviour of nucleons is neglected and only the off-shell be­
haviour of intermediate mesons is taken into account. Thus, 
in expression (2) for the quasipotential we must use p' 2 = 
= {(1/2) P ±q' )21 , = m2N and p2 = {(1/2) P .± q) 21 = m 2N which 

q =o q =o 
0 0 

is equivalent to the assumption Eq'- Eq_ ""0. It should be 
pointed out that though the neglect of the off-shell behavi­
our of nucleons in expression (2) for the quasipotential pro­
vides the hermiticity of the potential V(q';q) in equation 
(I), however, due to this approximation the retardation ef­
fects cannot be consistently taken into ac~ount in the diag­
rams which are included in the kernel K(q' ,qJP) of the 
Bethe-Salpeter equation. Furthermore, in the OBE model 171 , 
unlike ref.181 , the retardation effects are fully neglected 
and the condition E-q, = E-q is used in the phenomenological 
form factors as well as in the propagators in the potentials 
of the NN interaction. 

In this paper the Low equations for the 1111, 11N and NN scat­
tering obtained in ref.191 are considered. Unlike the conven­
tional Low equation these equations explicitly contain the s , 
u , t, 8 ,u, t channel contributions. These Low-type equations 
are three-dimensional quadratically nonlinear integral equa­
tions, where the crossing symmetry of "-mesons is explicitly 
taken into account for the t-matrices of the 1111 and 11N scatte­
ring. It is demonstrated that for the case of 1111 and NN scat­
tering the potential of the equations suggested is hermitian 
and these equations can be reduced to the linear Lippmann -
Schwinger-type equations (I). The NN-potential obtained 
will include the effects of the off-shell behaviour of indi­
vidual nucleons in the meson-nucleon vertex functions and 
the intermediate mesons will remain on the mass shell. 
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I. THE LOW EQUATIDNS 

Let us consider the Low-type equations for the scattering 
processes I + 2 ~ I'+ 2'. According to ref. 191 , we have follo­
wing relations: 

:.J 4) ( , , ) [ , , , , I cr( 'o '0 o o ) 1 
o~ P1+P2-P1-P2 <p1a1p2 a2 .J CU=Pt, +P2 -pl -P2 P1a1p2a2>-

< ' ' ' ' I Y I 1 8<4> < ' ' >. - plalp2a2 P1a1p2a2> = P1+P2-p1-P2 x 

x[1+d(42 (1';2) +d(ol] (2~2)]I, ( _,!"'-(211) 3 8(p' 0 +p-o-po_cu)x 
(1' 2 ) (2 2) n · cu + i l 1 2 n 

. ~ ~ 
x 8@{ + 1>2- P:) < p1a1 p2a 211 (cu) 1 n>( -d(34) ) <n 11+ ((t)) IP 1 a 1p2 a2 > -l-

(3) 

+ [1 + d< 4l (1',.2) + i4~ (2';2)]I. f dcu (211)3 8(p0 +P0 +P0 +cu)x 
( 1' 2) (2 2) D CU + i ( 1 2 

x 8(1)1 +P 2 + P
0

) <OI1{cu)l p1 a 1p 2a 2n> x 

. {2) 
x(-d(M) )<np'1 a'1 p2 a211+(co)l 0> I, 

where a 1 denotes the corresponding quantum numbers oi Lhe i-th 
particle,<nJ1(co)lm>denotes the t-matrix for them-particle 
state to then-particle state transition, e.g., for the t­
matrix for the n-particle state to the pion-nucleon state 
transition we have: 

<pN aN Prr a" 11(cu) In>= u~p a (O)t' (O)(p;IU- m~ )(~N -mN) l(dx X 
N N Prr 

IQ X+ic.J711 Xo - 2 t 
xe rrN <0] O(x0 ) 'I'( 'I) x) Cll(-71 1x) In>+ u~ (0) f!. (0) (p 11-m 77 ) x 

2 p NaN p7T 
~ iq X-i(t)712 X0 

x(pNcu-mN)i.fdxe 7TN <010(-X0 )·cll(-711x) x 
(4) 

x 'I'( 712x) In; in>, .. • 
where Cll(x), 'l'(x) and fp(x) , upa(x) denote the interacting 
fields and plane waves 1111 of a pi-meson and a nucleon, q11 N = 
= 712PN -71tP 11 is the relative four-momentum of pton-nucleon 
system: 71 1 = 1 -71 2= mN/(mN+ m11 ); PNcu = (pN -co; PN), P 77 co = 
= (p11 o - (t), p ) and 8(x0

) is the well-known step function. The 
expression for the ~(cu) matrix can easily be related to the 
Bethe-Salpeter wave function X

0
(q

77
N) 
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X
0
(qrrN) = fdxeiq77Nx <0jT('I'(71 2x)·<Ji(-!7 1X))jn;in > (5.-l) 

<pNaNprra77j~(ru )jn > = 
• 2 0 ... 

=UP. a (O)f~ (O)(p2 -m2)(p -m ) _i_fdpo Xn(p ,qrrN) 
N N 77 77CIJ rr N N 2 77 qo + 11 ru - p o + iE + 77N 1 

(5. 2) 

(p
o .., 

- 2 2 i 2 o X· ; q N) 
+ u... (O) t.1 (0) (p - m ) ( p - m ) - ( d p n rr 

pNaN ·p
17 

IT IT NCIJ N 277· ·pc-qo +17 ru+iE' 77N 2 

A 

(a~) in expression ~3) denotes the crossing operator for a 
and ~particles, d~4q.{3_) is the corresponding sign + or - which 
appears in the part1cle crossing. The matrix Y in relations 
(3) corresponds to the sum of equal-time commutators of field 
so~rces J a (x) = f* (O)[o x + m:;, ]·<JI (x) for bosons and Jpa(x) = 
= upa(O)[fvx-mNf'l'(x} for fermion and the creation operators 
of 1nteracting fields 

<Pi ai P2 a21Y jp1 a 1 p 2a 2 > = [1 + dg~)(1;-1)][1 + d~:~2 )(2'A2 )] x 

'-, -, I r T rn\ A+ tn\ 1 I n. ,. - ..., 
. (6) 

A·' )11 ~1 I L "1>2a 2 ,~,.-plat'-'':! I r;:: .. ;:: . 

Relations (3) connect the scattering t-matrix on the ener­
gy shell P~+P2 =P{ 0 +P2° with the product of the off­
shell t-matrices P " p 1 + p 2 which contain all possible n­
particle intermedi~te states with the particles on mass shell. 
In order to obtain equations from (3) for the scattering t­
matrices, we make, the following two assumptions. 

1. In the sum over the intermediate states we take into 
account only the states which contain not more than two par­
ticles. This assumption is necessary in order to derive the 
closed system of equations from the relations obtained within 
the quantum field theory. From the physical point of view 
this corresponds to the assumption on the dominating role of 
one- and two-particle exchanges in the particle interactions 
in the low and medium energy region1121 • 

2. Relations (3) are assumed to be valid off-energy shell 
h Po o o .J. p'o '0 '0 Th" • • too, wen 12 = p 1 + p2 r 12 = P1 + p 2 . 1s assumptton 1s 

necessary in order to obtain equations for the scattering 
t-matrices from relations (3). It should be pointed out that 
in the Low equation/10/, which is derived on the basis of the 
t-matrix element <p1a'1 1Jp'a' (0) IP1a1p2a2in> instead of the 

2 2 
4 

"" 

... 

R-matrix element R = S- 1, as in ref. 191 , there is no need 
in such an off-shell continuation. The equations given below 
can be obtained from the t-matrix elements without the off­
shell continuation of relations (3) provided the two-loop 
corrections in the vertex functions are neglected. However, 
this way of derivation makes further calculations very compli­
cated; so we shall use relations (3). 

Furthermore, under these assumptions for the t-matrix of 
the NN-scattering from relations (3) we obtaini 

-+, ,-+, , tT 0 0 ~ -+ ..... , , -+, , ... -+ 

<p 18 1 P2 8 2 \.J (ru = p1'2' -P12) I P1 8 1 P2 s2 > = <P 1 s 1 P 2s2!V I P18 1P 28 2> + 

+I J<pl_s~p2s21~(ru)in>(277)3 dru_ 5(P1°+P2°-P
0

-ru)x( 7 l) 
n=d,NN CIJ +H • 

x8(p~+p'2 - i\> <n!5'+(ru)jp 1s 1 p 2 s 2 >, 

<p1s1i>2s21VIptslp2s2 > = <pJ.sj_p\s21Y!p1s1p2s2> + 

+[1-({2}] I I I. J<p'1sl_j5"(ru)jp 2s2m>(277) 38<Pi-p 2-Pm)x 
m=IT,a, p,ru, 277, ... 

x.S(p~0 -P2-P~ -ru) C:<mp2s21~(ru)jp 1 s 1 > + 
(7. 2) 

" ...... ... a~-. ...... ..... 
+[1-(12)] I I I f<p~s215'(ru)jp1 s 1 m>(277) 8(p~-P 2 +Pm) x 

m= 77,a,p,ru,21T, ... 

~>( ,o o po )dru ... , , l<r+( )\ .... 
xu pl -P2 + m +CIJ -;-<mplsl .J CIJ p2s2>, 

' 
Rhere we have omitted a-channel contributions containing the 
d and NN intermediate states which are supposed to make small 
contributions to the NN interaction up to 1 GeV. From expres­
sion (7.2) we conclude that the two-pion exchange terms of 
the NN potential are determined by the <p's'j5'(ru)jpsp77 aP 77-a'> 
N' ... N + " + 77' ''transitio.n vertex functions with the on -
shell pions. If the two-pion exchange quasipotential 171 is 
constructed, then the two-pion term in this potential will 
be determined by the 77N-matrix too. Consequently, within the 
given approach to the constructing of the NN potential the 
two-pion part of the potential should be much less than the 
corresponding term that is obtained in the quasipotential . 
approach. 

5 



In equation (7.1) for the NN-scattering t-matrices, nucle­
ons in the in- and out-states remain on the mass shell p'2 = 
= p 2 = m2N, p'0 > 0 and P0 > 0. Mesons in the intermediate sta­
tes of the NN potential are on the mass shell too. However, 
according to expression (4), the off-energy shell extrapola­
tion parameter ru determines the off-mass-shall extrapolation 
of one of the nucleons in the in- and out-states in the exp­
ression for these matrix elements. In particular, for the 
meson-nucleon vertex function from expression (7.2) we obtain 

<p's'j~(ru)lpsm> = 
..L(p '+p) x +.L x0 ru 
2 2 

= iu.P'
1

,(0) (p~- mN) fd
4

xe <OIB(x0)'P(~x)W(-~)Im;in>x 

x·(p- mN) u ... (0) + iu ... ,~,(O) X 
p s p s (8) 

4 -!:-<p'+p)x-1-<Vxo -
x(p'-mN) fd xe 2 <018(-x 0 )'P(-..lx)'P(!..x)lm;in>x 

2 2 

x (; ru- m N) u-p 
8 

(0) , 

where m = u,p,ru ,rr ,2rr, ... and ru= p'0
- p 0 -P~ or p 0 -p'0

-

P 0 , ( '0 -+ , ) d ( 0 .... ) - m ; p ru = p - ru' p an p 61 = p - ru' p . 
ln tne expression tor tne NN potential (/.Z) it is easy 

to observe that unlike the NN potential, obtained on the ba-
. f h ' 1 L • 1131 • h h f s1s o t e convent1ona ow equat1on w1t t e use o 

cluster decomposition, the potential V (7.2) is hermitian 
provided the equal-time commutators Y are hermitian. The sea­
gull term is usually hermitian when it is calculated with the 
use of the simplest phenomenological Lagrangians 1131 • 

From relations (3) for the t-matrix of the rrrr scattering 
we obtain 

... ~ -+ .... -+ ... ... .... 

<P!aJ.P2 a21~(ru = ~;,- p1°2 )I p1a1p2a2>=<pJ.aJ.p2a21VIpla1p2 a2 >-

-+ -+ ~ 3 · dru ' 
-I I (<p'a' p' a' IJ(ru)ln>(27T) 8(p' 0 +p2'

0 -P0 -ru)--
1
- x 

n =O,p,ITIT . 1 1 2 2 1 n ru + £ 

x8(P].+P2-P0 )<nl~(ru)jp 1a 1 p 2 a 2>-(1+cli!)] I x 
n= rrrr 

If -+ , ~ -+ 3 Q dru 
x . <pia 1 1J(ru)lp1a1 n >(217) v(p'1°-p~-P0°- ru)-;,;- x 

6 

J 

] 

8(p{-P1 - P
0

) <np'2 a21~+(ru)lp 2 a 2 > + h.c.l-

- I I 
m =O ,p, 7T1T 

cr -+ ... d61 )3 Q ... (<OIJ(ru)lmp a p a >-(211 v(p'0 +P'0 + P 0 +ru)x 
· 1 1 2 2 ru 1 2 m (9. 1) 

-+ -+ ..,. -+ -+ + 
x 8(pJ. + P2 + Pm) < mpl_ al_ P2 a2l ~ (ru) I 0>, 

@>-

< i)·l a 1. P 2 a 2 I V I P 1 a 1 p 2 a2 > = ( 1 + (12) ][ 1 + (1; 2')] x 

-+ + ... 
x < P 1 a 1. I{ J-+p' a, (0) , a P ... a (0)] I P2 a 2 > -

2 2 1 1 

- (1 + (12) ]I I J <pi all ~(ru) I p1 a 1 m > j ru (211 )3 
8 (p'1 -P 1 - P m ) x 

m =a,p ru 

-+ + ... 
x 8 ( p ~ 0 

- p 
1
° - P: - ru) < m p ~a~ I~ (ru) I p 2 a 2 > + h. c. I. (9.2) 

In equation (9.1) we have picked up all the terms that have 
singularities on the real axis of the compex energy plane and 

• • .. • • • • • .. '" ,..., 4 "1 1 1 • 'I 
.Lll Lilt! f:J.LUU-f:J.LUU pULt!llL.Ld.L \:1oL) Lllt: ::lt!d~U.LJ. Lt!.Llll::l iSllU Ullt!-

meSOn exchange u, t , ii, t terms are included. From the expli­
cit expressions (9.1) and (9.2) one can conclude that the 
crossing of any pi-meson from the out-state with the pi-meson 
from the in-state leaves the "" scattering t-matrix unchan­
ged. Furthermore, the potential V (9.2) is hermitian. The her­
miticity of the potential V in the given formulation of equa­
tion for the scattering t-matrices stems from the presence 
of identical particles in the in- and out-states, leading to 
the hermitici ty of the ii + u and t + t channel terms in the 
NN and ""interaction potentials (7.2) and (9.2). It can easi­
ly be seen that in the case of 11N scattering the 11N interac­
tion potential is not hermitian 

..... .... cr .~ -t -+ -+ ..,. ..,. ..,. . 
<p~s~ p~ a~ IJ (ru = P;; -P11~) I pNs rf 71 a 71 > = <p ~a~ p'Ns~IV IPNSNP,a 71>-

I J....!!:'_(27T) 3
8(p' 0 +p' 0 -P0 -ru)8(pN'0 +P' -P

0
) X 

n=N,ITN ru+i£ N rr D IT 

x <p~s ~p~ a; l~(ru) In>< n I ~+(ru) I pNsNp71 a17 > + 
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dru 3 .:-(.... .... .... ) +I, J-
1 

(21T) 8(p' 0 +P' 0 +P 0 +ru)o PN+P,+Pm x 
ffi"' N "'+ E N " m 

...... -+ ... -+ cr+ 
x < 0 15" ( ru) I pNsN P 

11 
a "m > < m p ':r.ft N p ~ a 11 I J ( ru ) I 0 > -

- I, J~(21t)38(p'-p -P )(27r}9 8{pN°-P~ -Pn°- ru}x 
ID=>1TN cu+iE N 1T m 

(10. I) 

.... t:r .... .... cr+ .... 
x<p's'[J(cu)lp a m><mp'a'rr!J (ru)lpNBN>' 

NN "'" rr 

-+ -+ -+ -+ ... -+ -+ ..... 
<pNs NP1r a 11 IV I PNSNP 11a7T> "'<pNsN p'11 a;l Y I PNSNP 11 a,> + 

dru 3· .... .... .... .... , t:r .... 
+I J-(21t) S(p' -P -P )<p'Ns NIJ(cu)lp11 a 11 n> x 
n=>N "' N " n 

x S(p~0 - p ~ - P:- ru} < n p~ a~ Is-+ (ru) I pNa N> -

_I,_ Jdru(2~r)3a(p' -PN-P }<p;a;15"(E)IpNsNn> x 
n"'N "' " n , (10. 2) 

i:,( .... cr+ ... 
xup;0 -p~-P~-cu)<npNsNI.J (ru)lp 11a 11 > + 

+I I {fdru(21t)3S(p'-p-P )cS(p'o-Po _po_ru)x 
_ p 

11
.
11 

a> N N m N N m m-a, , 

-+, cr ...., -+ + -+ 
x <pNs~!J(ru)[pNsNm><mp~a~i5" (E)[p 11 a, > + h.c. L 

It is interesting to compare (10.1,2) equations for the 
scattering t-matrix with the corresponding equation from 
ref.141 • It is easy to observe that taking into account the 
off-shell behaviour of nucleons in the matrix elements (4) 
leads to additional seagull terms and to the ~ scattering 
t- and t-channel a , P , "" meson exchange terms in the 1tN 
potential. The "N potential is not hermitian due to the u­
and u-channel terms. The simplest way to obtain the needed 
hermiticity of the potential of the 1tN interaction is to re­
place in these terms of expression (3) lJ(p;t- p~ - P;:- w) 
and B(pN'0 

- p 0 + P 0 + cu) by (112)[8(pN'0 
- p 0 

- P 0 
- cu) + 

1T n rr n 

8 

+ B(p~0 - PN + Pti' + cu)] and (1/2}[8(P; + ru + PN -P~ ) + 
+ 5(p;o- pN - Pn° -ru)] • This replacement does not change re­
lation (3) on the energy shell, however we have to make an 
additional assumption, namely, we have to assume that equa­
tion (10.1,2) with the hermitian potential holds. 

2. CONNECTION WITH THE LIPPMANN - SCHWINGER EQUATIONS 

• /15/ 
From the quantum scatter~ng theory we know that the 

linear integral equation (I) is equivalent to the following 
nonlinear integral equation: 

T±\q',q, E...)= V(q',q) +I J d8k V(q'; k) <kl¢ >-1-<¢ lk'> d
3
k'V(k', q) + 

-~~ n n E-+ -E n 
P n 

(I I) 

+ Jd3pd 3£V(q',k) < t I q/!>> o (p, E....) <'P~>I t '> d 3 k' V(i{', q) , 
p 0 q p 

where V(q',q} is the hermitian potential, ¢nand 'P form the 
complete set of eigenfunctions for the discrete and continuo­
us spectra of the corresponding hamiltonian and 00 (p,EP) is 
the Green function for the noninteracting fields: 

I'' 1 0 ,~, ( . E .... ) 
0 p' q 

E .... -E .... + iE 
(12) 

q p -

5"(±) (q',q; E-q) is connected with the wave functions from the 
continuous spectrum in the following manner: 

cr(+) .... -+ 3-+ .... -+ -+ (+) ) .... ,,m(±) J- (q',q;E .... ) =Jd kV(q',k)<ki'P.,.- >=>(E .... -E .... , <q T-,t >. (13) 
q ~ q q ~ 

Comparing equation (7.1) for the NN-scattering t-matrix 
with equation (II), one can conclude that equation (7,1) is 
equivalent to the Lippmann - Schwinger equatiorl11 with the 
relativistic kinematics provided the hermitian NN potential 
(7.2) has the single eigenstate in the discrete spectrum 
which corresponds to the deuteron state. 

The equation for the"" scattering t-matrix (9.1) expli­
citly contains the " ... "t"2 "'s transition matrix that is rela­
ted to the "" scattering t-matrix. The terms with these scat­
tering matrices are included in the potential (9.2) and are 
denoted by W(5+,5"). Further, from equations (9.1,2) the 
following connected system of linear integral equations can 
be obtained: 
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cr(±) CT+ CT [ CT + CT ] (±) CT 
·'t+1=W(Jt,Jt)+V+ W(Jt,Ji)+V 0 o Ji' (14) 

where V is the pion-pion potential defined according to ex­
pression (9.2). At the first step of the solution of equati­
ons (14) 

W(~:.~)=O, (15) 

is assumed. 
If the converging procedure for solving equation (14) is 

found, then the obtained solution represents the correct phy­
sical solution provided equation (9.1) holds, i.e., there­
sulting Green function 0 =(0;1 - V- W )- 1 has simple poles 
at the masses ±111u,± mp and the left-hand and right-hand cuts 
on the real axis of energy in the interval(-~, 2m") and 
(2m",""') • 

3. CONCLUSION 

The integral equations (1) and (14) are the linear integ­
ral equations with the hermitian potentials (7.2) and (9.2) 
for the NN and"~ scattering t-matrices. ·These equations axe 
d~~i·v·c.~ f:-~r: t!i~ ~~r-:.-~::r~~di~; !..~~·:r-t~.,p~ '=q,.!~ti~n~ ~7 1) ::.nit 

(9.1) for the NN and ""scattering t-matrices. In order to 
obtain a similar equation for the ~N scattering t-matrix, one 
has to change propagators in the u and u channel term of the 
pion-nucleon potential (10.2) off-energy shell P~0 + PN° I 
I p~ + pN • Similar replacements are usually assumed in the 
quasipotential approach to the re•ctions I + 2 ~ I' + 2' in 
order to achieve hermiticity. Unlike the quasipotential for­
mulations, the potentials obtained will be hermitian in the 
case when the vertex functions are complex and there is no 
need in taking into account of certain terms from the full 
Bethe-Salpeter Green function. 

The expressions of the "" , "N and NN interaction poten­
tials are determined by the Bethe-Salpeter wave functions 
r NNM = < 0\ T('l' N(x) 'I' N(y)) I M;in > and r ""M = < OIT<~a.(x) ~a(y))!M;in>. 
The construction of these vertex functions in the pheno­
menological quark field-theoretical model is equivalent to 
the determination of the following vertex functions 1181 : 

4 4 -rNNtl'f(d p][d w]UN(x,p)<O\T('l'N(x,p)'l'N(y,w))\M;in>UN(y,w) 
\\ ( I6) 

r""M= f( d 4p][ d 4w ]U" (X, p) < 0 IT<~a .(x, p) 4l a<Y. wlll M; in> u" ( y '(Ll)' 

10 

where x = x + p , y = y + w
1 

and I. p
1 

= l w
1 

"' 0 denote 
1 i i i i 

the coordinates of the individual quark fields, from which 
the nucleon and meson fields 'l'N(x,p) = T(q 1(x 1) q 2(x 2 ) q s<x 5 )) 
and 4l(x,p)=T(q 1(x)q2 (y)) are built up, and U(x,p) are 
the Bethe-Salpeter wave functions for the nucleon-quark and 
meson-quark systems. It is easy to observe that expression 
(I6) contains the quark-exchange effects between individual 
nucleon and pi-meson fields. Let us point out that if these 
quark-exchange effects between all four hadron fields are 
taken into account in the full Green function, which serves 
as a basis in deriving relations (3)191 , then we obtain the 
NN, "" and "N potentials (7.2), (9.2) and (I0.2) as well as 
the corresponding terms with the meson and quark exchanges. 
Consequently, in this formulation the meson and quark exchan­
ge interactions are contained in the potential additively 
and independently from each other. 

The author would like to thank T.Kopaleishvili and A.Ruset­
ski for useful suggestions and current interest in this work 
and G.Efimov and H.Khankhasaev for the enlightening discus­
sion. 
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MaqasapnaHH A.H. 
TpexMepHwe penHTHBHCTCKHe ypaBHeHHH 
AJlH 3~aq ""; 1rN- HNN·pacceHHHH 

E4-88-610 

PaCCMOTpeHw pagnnqHwe ypaBHeHHH THna noy AJlH t-MaTpH~ 
1rrr-, rrN- n NN -pacceHHHH. 11poaHanH3HPOBaHa HX CB.fl3b c ypas­
HeHH.fiMH THna flHnnMaHa-ffiBHHrepa C pen.fiTHBHCTCKOH KHHeMaTH­
KOH H npoBeAeHO cpaBHeHHe C COOTBeTCTByro~H KBa3HllOTeH­
~HanbHWMH ypaBHeHH.fiMH. 

Pa6oTa BhlnOnHeHa B na6opaTOPHH TeopeTHqecKOH $H3HKH 
OHHH. 

Coo6weHHe 061>elUIHeHHoro HHcnrryra Jl,llepHhlx accne.a:o&aHHi. Jly6aa 1988 

Machavariani A.I. E4-88-610 
Three-Dimensional Relativistic Equations 
for "", 1rN and NN Scattering 

Different Low-type equations for the ""• 1rN and NN 
scattering t-matrices are considered. Their connection 
with the Lippmann - Schwinger equation with the relati­
vistic kinematics is analysed and the comparison is made 
with the corresponding quasipotential equations. 

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