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1. Introduotion 

In recent years supersyrnmetric quantum-field models have drawn 

great attention. We recall that a principal advantage of such models 
is the unification of bosonic and fermionic fields into one multiplet 
and a significant reduction of the number of divergences (up to a 
complete vanishing in models with N=4). Basic tool for studying the 
two-body problem in quantum field theory is two-particle dynamic 
equations (the Edwards equations for process 2 t-~ I and the Bethe
Salpeter, Logunov - Tavkhelidze equations for process 2 ~ 2 ). A 
standard method for deriving these equations and their connection 
with the Lagrange formalisffi are provided by perturbation theory /11 
In the framework of this approach a supersymmetric Bethe-Salpeter 
equation has been obtained earlier 121 . 

A natural language exists for studying the properties of multi
particle equations in field theory - the method of higher-order Le
gendre transformations for the generating functional of Green funct
ions 131 . With these transformations, multip~rticle equations may 

be obtained as a consequence of t h e- Schwinger equations. These mul,ti
particle equations are model-independent and have been obtained 
beyond the scope of perturbation theory. The whole dynamic informa
tion on interaction is contained in the equation kernel. Note that 
the kernels obtained by the above method for multiparticle equations 
are expressed through the generating functional of the Legendre 
transformations. This provides new possibilities of studying kerne~s 

beyond the scope of perturbation theory and thus testifies once more 
in favour of this approach. 

For the first time the Edwards and 'Bethe-Sallleter equations on 
the basis of the second Legend r e t ransf ormata on (for '13 theory) 
were obtained in ref. / 4/.Then this method was further developed (for 
other qUantum-field models and for a number of interacting particles 
larger than two) in refs. / 5/ • Our paper deals with derivation of the 
above equations by that method in a sup er symme tr c theory.ã 

2. Th~_~Qhwi~~~~~tion 

We shall consider a theory of scalar chiral superfields 9?('~~)~ 
a~d CfJ(XR/ [j) with 
(a generalization to 
difficult). Then the 

an arbitrary int eraction functional S úz'lf'/ fiJ 
the vector superfields is not, in principIe, 
total superfield action is written in the form / 61 

8fr~.eH!i ~t'flh1>in· !.":,.rc.. rrrr'I
tlj:~-::1t:'JX E<: CJ. . -I. J 

6~sn"'CrEl'(J' 



s = !J)~ +St~"Zt-, 
where 

So!~ CP} =S:ÚL[rp) CpJ+SJn~ [~ rpJ = (2) 

(1) 

,, 
" 

" 

Where ti = 1;2; 
of the kernel X 
oper'a t or inverse 

rvcX.í? ol
J~ J(x.L(}.L,) 

/'fi' afi/. cJ. '; fiJ3 = 1,2 and the ma t r í.x elements c/l: (.:x.t8~.) Xl,B'i) 
are determined by relation (4). The kernel of the 

to J{ ã s given by the relat.ion 

f .A{j'-l}d/ fl r
Xl. (Jz) JI. (X2 81- -' x383) = (6} 

= jdJf,zo/2fJcl2&-ep(i~~ ()) tp(XR ~ &) -f

r JJd'l;x,(, tl 2!) ep2(.xA.~ EJ) + h. C. 
Usine the connection between the left-hand and right-hand chiral It represents a matrix of free propagators [)o of the following 

-Jd.}, d fl flf r (l ri
=:J{ (Xif)l) XZ.9l))C (x 2 ef)X,3G3)-=cJd(J'(a;1- X 1) ó {Bl - ()!) , 

bases we' may rewrite the free part of the action (2) in the form 

(see A.l ): 

s. =-1-- ((IJ(:X, &) fjJ(x {}J) (ICH (XB ,,x'rJ') lCü (X!, y'1~') I 
~ ( íC 21 ( X 8y X If) ') J{Zl~ (X(J» :r If) ?/ !lI 

'I 
I 

li 11 
f InJ(í)r&,)fJ.C(xi-a.'Z) 

JCt 
Do =~ eúe.Je~YXi_.xz) 

form (see (A.2)): 
• A_ 

i 1L (}.t()&.7.L1 c~.t - X2.~ 

-In J'(B~-ifz)LJ<'(x1-Xt) 

(Ja) 

I ""-I J-.2tB()8 /e cf(.x'-x) (4) 

;n cf(&-1f)cf(x-x) . 

f J'(&- f))e5'(x-X) 

.:J{ = leJl'!I âf)-t(x -x) 

X (:p(.xít:J ) 
( !P(:x 

J8)j , 
t;i. I?J) 'r .

where ::fi =.(95/ ' !fi '5 (cp, tp) i5 a transpo sed column, and 
~ is an integral matrix operator with a kernel determined by the 

relation 

~ ., 

i 11 
~ 

I 

~.I', 

7) 

11 = (111z(:ZdJ1, XLÔz) !1J1(X'O" X.a.) )
lNu (.rI&;, .r.O.) Nu (:I:18i, :r:.~ • 

We shall define the generating functional of Green functions as 
a functional integral with two standard local SOUrces Jd.(.;x()Óv) a: ~ 
composing a column ~(.r~) and four bilocal sources 11dj3(xJIJ./~:Xl.e2J 
composing a matrix (j(.r8~ 

! r, 

Hereafter integration (summation) is done over twice repeat~d G[J~ h' MJ = IVJiJeptiJep~p li!j-(tp(;C~&J)é(J(XJ(h))X 

Then instead of (3a), we have 

variables (indices). 
For further convenience we introduce the foll~wing notation: 

L - 2fl -= 8 ~ f) =. & (5 

rp(x/&} = epl(xf)lj; tp(x,ii) = cp (z8:J. 

s. ""Jrp'rX 1tJf) Jed-}(x,ef, .x.e!ypJ3(x.O!), 

) 

I, 

!r~
){.Ii (x~ Bf) Xz Bz) 1C12. (:JJ:t f)J.l x, ~~ 

X f (8) 

;Cu (XJ B:t ~ .xz ()z) JC 22 (X:t 81) .xl. 82.) 

f- (1111 (.xdJ' J .x.fJ..) /1J2 (x,O" ,XlOl))) 1fp~.ey )
l!1u(.r,ij;, .x. BJ /122 (X'fJt, x.().j !j (rp~y) -f 

(3b ) 
f (J(.x(J) J(x(Jj) (;~§5j,l' Si.df/J, rpJ]1. 
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lHere ;ti i8 a conventional normalization constant. 

The Green functions are expressed through {;1'jj jr; P1-l 
as usual~ 

j1r;(..t.--d,/: fi, d: AI, ri
u (11) ( Xi &J / ' .., XN():j = l'<OIrrpdJ.(Xi&1 ),,' cp (a:Nf)N 'J~
 

=i.l-N eF#(J[J}h-I1J / 
cJJd.t(x.t&fV,.. cfJ~~·t~#&:' ~ 

J=J= OJ (9) r 11 

~/= O,For simplicity we introduce the notation: Iitj=-!l.J~ /.i=1J1~ (la) 

J • (Y i.n.t_ A Ii rr:" + D- =li:}; t!J -
\

ti}) )
o 

Iin terms of which the generating functional i8 of the form 
l 

c[/I}Á A:}) = !'I · jJJ rp.tcf) cp ze-xp!11 ~ (x f) d;J rp(.x oli)r 
l 

+ Irp'Y.rdJf) li tJ!'(X1 fJf; .r;, t9f'ypfi(x, e!) -I- 11 NVPJ).
Á' (11) 

It is obvious that the limi t of swi tched-off sources J = J =. M:=. O
 
j 2 )} ttfi D-J d.j3
corresponds to !li :=: IL :::. o» 2.:=' () • From invariance of the 

measUJ;,e of integration iJCfJ i wi th respect to translations CfJJ ~ 9J~ + 
+ [./ we get 

0=;1/. (iJepJff)ep2 cf fJ/,X! [ AJd(x .t f3f ) tp YXJef) I
J c crrpi(.xfJ9 ' , 

+j rpti,(.zd)f)/l1.P(X1&:, x28!ypfl(xz(J!) -I- /1[%; rp.J} = 

= ;\/ · J!}'f}(j)'f{ {A:(x&1 + /I:J019; x &/) rpYX1 (1)+
 

+i [A ;2(Xf); x , tJ}) cp. rx.ilJf) + cp 2(XJ 81)A:1(Xi BfJ :1:f)~J+
 

-I- efA[qJl) rtJz1' 1{!/Xo(IIJd cp'"-f J cp tifJ dJ3ep.P 7.
 
, , cfrp'{c1..(}~ ,:I r .t. 2. J 

4 

As a result, we find the following equation in variational deri 
vatives: 

[cf' I 11/ 12.(. .1 () 1) cf(A:(.x O') -I-lIfl(;r;()~ x, ai)J'/I/(XiOf) -f j, ( I z x{), X.l i cf'A}(X18i) 

f cf' A:i 
(Xj(}}, xfJ?) + (12a)

dIlJ(.xifll) 

--f (cf/I L' tfJ.t) 9JzJ ) J 
eftJJfj,'fllj /e s; J' 2_L G[flJJ /lz) = (), 

cp -tzi1) cp -orAi 
which represents an analog of the Schwinger equation in a supersym
metric theory. Similarly, from invariance of the measure JJcp 2. 

we obtain the second Schwinger equation 

(12b)

(A 2. / l) 11 22 / lo 2. cf
J (xl) / -.;- 1. (X e) XI. 8i) ~ -I-

+1~IlJ.J;: 2 f)1 J' ti' / 1 2) 1.e ( /, z (xt3 )Zi J)J'1J1(.zJB1) + cfl/:(X1e~) 
A

2. 

2i 

('~.L&.L ~ x() ?/ 
+ldA[~;~~) _
 
t J'rprx8Y/rp1~Jrr rp2=iA: jG.fflujhJ - O.
 

where GfAiJAJ Ls the generating functional of Green functions. 
The Schwinger equations (12a) and (12b) determine G up to a fac

tor, an arbi trary functional of IIlÇli.j3 • The functional ia fixed by 
constraints /3/ • The constrai~ts are obvious from (11): 

crer)JJ~ 11z] -1 /Z(; [Ai) fJ1.J (13)

J'1Ii'J3 - ~ dAf dllifi 

As usual, it 1s necessary to pass from the generating functional 
of disconnected Green functions ~~;41~J1%-l to thei; logarithm if 
we want to get rid of nonphysical disconnected components: 

WIAJ) A2.] = tllt[!lJ)Az.], 
(14) 

that represents the generating functional of connected Green functions.
 
Then the' connected Green functions ... ctn. are determined by
D::i 
the relation 
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or in the matr1x form with notation (5): 

D
rJ.,J ... d..lfl.( dvj edn) fnW '= 
n: 3'-J81) "') x « n../ = J'AfJ.(X1 (jJrk1j". SAn.(xn.etj 

=1 J'no , (15) 

• 'I 

G J/I.t(Â,J.(XJe/'l) .., J'A~I2(z'ae~~ 
where the notation (5) is us ed , and indices cJa" ... " <k n take 

value s 1 and 2. 
With the help of (14) and (15) it is not difficul t to obtain, 

1nstead of (14), the equations for ~ 

A;(x 81) +A1j(xe~ xJeJ)Dl(xJ81) ~1(1I:2(X()~ XJBfJD,tZ(XJf)j) 

+[)/(,zJel)1122i.(:r~()fJ .J:()!J-f ':Ji(X()J.) = O, (16a) 

A:(xo9 -I- A:'(xo~ x: 01)D;(.xdJ}) f- j (D; (XJ8/JA;z{x, ef~ 
xez.j +A~t(.xe2) xJel)D;(xJ(}/Vf-J~(xB2.)= O, (l?b) 

where 

1 m2. 1) W (17)-W J'A[qJ) T.J e
~tj,(x()'j =e ~ tfCfJrk(xBd-) rp1iÃi} P'=br 

From definition (10) it is obvious 1) that the symmetry proper

ties wi th réspect to JJe permutation of 'coo rô í.nat e s and indices of the 
matrix of sources Az are trre same as the properties o.f the matrix 

L:L);l-l~J! . With this fact taken into account and using expres

sion (4 ) and ant t symmet ry of the derivative of S -function i t may 

be shown that 

(18)

11 fÁ}/.' " fi) Afldv( ~ . f'k)z (oXJ&.J.JXz.Bz. = 2. tX z. 9 L , Xi (h . 

With account of this relation we have, instead of (16a,b): 

Af(xe~) -f lI:f(xf)~ XJ()/'J"D!(XJe!) + j~(xe~)= 0, (19) 

-)-- 4jJ
1 We recall that the bilocal sources ~ set zero at a final stage
 
of c~lculations should possess the sarne symmetry properties, other

wise the properties of "the free propagator will be distorted when
 
differentiating the generating functional with respect to those sources.
 

-i. (xev ~Á:txeJ X'JeJ) A:2(.x&.> 'xl&;) J(Odx &) ] 
- -I- 2i

Ilt(xeJ /12 (x{h Xi. (}J) A;Z(x8.> XJBtJ/'( Dd:X:JiftJja
.f (j(xeV- - -O. 

:J(xf)} (20) 

J. Th~Ed~ª!~~_~d Beth~-Sal~~!~~~ªi1QQ2 

Before proceed1ng to derive two-particle equations let us show 
how Legendre transformations are introduced. The first Legendre 
transforrnation 1s deterrnined as 1011ows. From the relations 

Dá /:tf)dJ = IW[AJ~A2J (li =f, Jl) 
(21) 

:t {"' / cf'IIt~(;rBtJ,) 
i 2. Dl..tit follows that /11 and 191 are implicit functionals of D.f' ~ 

andJ9~J3 • We introduce the following functional 2): 

(22)WW[D/.> O}/ 112) = w- f;;' A:= W- DtAt. 
It ean be shown /J/ that Wf.l)iS a generating funotional of 

irreducible amputated Green functions which are expressed through ~P) 

fi d...t ,.. 0'11/ o/..J L)Gtn) ~ /l.tv' . 
I n: (X.L&.J -' ", ~ Xn o»: ./ =ID..tá.t(.rJof:)... J'D/'I1(Xn&:~ 

(23) 
For further consideration we need the identity J) : 

2)Hereafter by th1s shortened notatio~ we mean internaI Grassmann va
riables of integration with the sarne indices having the meaning aooor
ding to rules (5). In particular:

1% A:..!A~(XBd.) A:{x(Jd.) .. f"'Xd~"oJJrf(xO) Ai (:ce)+ 

+jJf.xtizj$:ee)AdxO). 
J)The .sign "/ ti means that when one differentiates over this scurce , 
alI other sources are fixed. 

6 7 

http:SAn.(xn.etj


r fl/z-.x)/ r/~ti~ (J /fI.,) = //'11:(.x&ti:J_ ) = (24)
~t1f3 o i- (1 ((;7 ./ ( -:tAI(~/f)ifj/; 
=-!lII:(~B~_ )J'D:~(tX~ef1J = ftlAf&Bd)_l DctJ.fl~~~d,Jx'B'.t:J 
(d[):r:x~()f:JJ; JIJ/(xl&'.P) (J'D/'f,xJBf:J); 2 (~'J~ • 

The left-hand s1de of this 1dent1ty 1s a funct10nal un1ty in the chi
ral basis (see ~.2)) • Consequently, the propagator 1nverse to the 
total one Df~ 1s g1ven by the relat1on: 

D,-.iddi(xfj(J.) :x~&:J D:L.P(:e18f~ eX113 '! ) = (25) 

=D:~i(xB~ .:x~Bf~ Dz-.Id Jfi(.x1().fd~ x 'o 'ft)=~}S{x-:X)S(er!e''9. 

W1th account of relations (24)' and (25) 1t 18 not d1ff1cult to obta1n 
the equal1ty: 

J'A.l.d(.x{)~)D2.-.irJ.}(.x8~ X 'e'») =	 
(26) 

J'D/(x'&'fi) · 
Next, w1th the help of	 (22) and (23) at n=l 1t oan be shown that 

r;d[.x(3rJ-) = - jJ:{.x(j~) .	 (27) 

For ~(/.,} us1ng .relat1onsh1ps (25) and (26) we get 

r; fÁ,fl/xed, X In!}) =- - tAr;(x (Jrk) := - D-ld~.x erJ.. X le'1» 
2.	 (Co ) (7./ rf'l.(3/. 'LJIfi) 2.. l") ./.

a~(Xu / (~) 

Introduce a generat1ng ~unct1onal of the second Legendre trans
format1on: 

I. /(2)[D(J, Dd-fl] = W-~A().,_ rftv' AtI-} (29)
W t . 1} 2. cfAf i t1AtJ3 .2 • 

From def1n1t1on (29) and constra1nt equations (21) 1t follows, f1rst, 
that 

cfW(2) / rr	 (Jo)
âD[i'(xeP'!J8f) - % IJz (.xB'" y(),f) 

and 8econd, that 

8 

Jtvl(2)	 ti l _ -)J f /xef ) j IA fd...2.( IJf I1 j dv2.rfD!(x&1 - , 1- / - .t z Xo ),x, 17' / n. IX, et'J 
+ D:J(X1ef1

) A~lf(X1()t; X ()l)J. 

With account of equality (18) this relationship can be re)ritten in 
the form (as usual, the shortened notation i8 used, see 2 ): 

JJV(Z) .p/. o '.fdv11..r d.1)Ddv1; rJ..l
JD!(x8!) = -,Ai (X()J]'-!l2. tX e ~ ~J.eJ../ :1 ,XJ.()l J. (31) 

The tb1rd, fourth, etc., Legendre transformations can be defined 
analogously. For this 1t 1s nec~ssary to add action (1) with perms Jlwith sources AtJ3r(tZl(/f~ Xz.(1z.; ,xJ()!.6')) 1J:j3rJ(.x.t()i~:J..·l.Bz./.xJ()Jj.,J,·'/!J./) 
and so on. However, in this paper we are interested in the two-part1c
le supersymmetr1c equat1ons, and hence, for our purposes the second 
Legendre transformat1on 1s suffio1ent. fi 

Now le t us d1fferentiate equation (19) wi th respet to A.t. (;I/fJ 1.f3) 
assum1ng that all the other sources are fixed: 

I AdrJ.,J.1: tk f}d1 ) J' 2trl f

eFotj J'(.x-x)t(&d- () '.P) r z. (,z& ~:tt ~ <JII!(.xf;I})JlIl.t(zief:J 

1-/!:Jd(.x(J"') -) /,rO/Y.xL()l11

(J'D:f.7:dJfj); l J'1If(.x'()'fl)A-o.
 

With account of (15) th1s equat10n can be rewritten in the form 

rfdj dr:x-X')d(()ct-&/~ -f 1J:&LJ(3!f)«; X~ &.l'i)D:1f ,X.t ~~.t:x'fJ:p) 

:I-/l':1'i'(;;:&d-) -1	 DliJ!'(.xdi-' x'B'.P) = O. 
\./4{j,~/z~&f~ JJ	 z ~ 

Us1ng relat1onsh1p (25) we get: 

D:irJ,}(xe~ x/o I}) + !J~P(.xB':, x'B'ft)+ 'Ld}(xe1x'g'.fj=o. 

(J2a) 

9 



Here the mass operator 4) 

LfI,j~&d. x'&lfl) = IcfJd.(.zBri)_l , 
(JJ)
 

, (lD!(x'(}'.fj);
 
is introduced, where :Jfi.,(/rf)dj is defined by re1ation (17). Coming
 
back to the notation (5) we may rewrite equation (J2) in the matrix
 
form 

;J1J~a) a:'f}), a-fiYXf)) X1&VI -f tA:trxB) X~) ~ 
D-.f.t~ - I -122 !lu;: _ II I ~ 2. (aJa, a: B)) D2. (X§; Zl§; '2. (~e) a: fJ) ~ 

A!,2(.xe, ~'§'J ') (J'J(X(J)/J'IJ. (X'&), J':J(xojtD1~'&~ ) 
/lz (X8, x/e?) f Ct ;J(x8J/ i Ddx ,&:J, i::!(x8JjJD1(x,ej 
=0. . (J2b) 

To derive two-partic1e equations (the Edwards equation and the 
Bethe-Sa1peter equation for the amputated connected three- and four
-legged function, respective1y), we carry out the second Legendre 
transformation (29) of the generating functiona1 of thefi.,connected~ft 

Green funotions. In this case alI the functiona1s of 14J and /92 
(inc1uding the mass operator (JJ) )« beo05f, functiona1s of l)~~ and 
Df'" . Differentiating X.?(.rrfh) .r1élIí) with respeot to A1 íY'(::rB&i) 

with account of the above fact and re1ationships (15) we get: 

.dj3, cc fl)dL (.:t".r/lz / XlI f)!i 
er = 

tAf(~glJi) 
, . tXB/. d sr, J'L. :Jlxz&z » 
,zlletll/ -I

• (l'D<X,1(j,l/ L)d.,.J X LJ (j.Z) . 
0, 2. (,z.tO.L) ZC7z,,/ 

(J4a) 
Note that further exposition may be much simpIified if we define the 
r-uLe according to which first externaI uppe r d nd í oes/-/./3) ~ J3 ,.. 
~eno-te _:~e pairs of externaI variab1es c:r.r&~ :Xli &!I.~ ,xIE&L Xli e~~ '" 
4) IndeedJ. in the 1imit of switcned-off sources the third term of 
equation ,32) is expressed through :~e inve3J?j totaJi3ftd free propa
gators as the usual mass o'perat or L.. 1J3= D.;. J3- Duo) which can be 
easi1y verified by app1ying definition (10). 

(j., R fi, fiJz. ~(XzBJ ~ ,xo.()l1) Dot'.io/a:t: fJ..d.1 
ct d..t) 'l.. (&--' '.I"

J'~ .i(XJ&.i./ 

.P
,zfff};) Dct.tdz~/,. f)d J Ê-)dz IJ('

:3 {Xf ~).zz [72 / Xlilf7B./ 

(i.e.,numeration of an externaI argument by a Roman number corres
ponds to a serial number of a Greek 1etter in the alphabet) and, se
cond , internaI uppe r indices a.i' ... , oCn. represent the pairs 

tX.J L!JGi "
of internaI variab1es ~~tJL ~ ....., ,;r/2(7/t • 

According ~o this ru1e equa1ity (J4a) can be rewritten in a 
shortened form 

dL ali! (J4b)I , J'L tX.j3 Dd.JY J'L.- tXJ3 tx':" 
.','1, 1'1I}' • I" ~(j,.t 2. +- J'D (ij.rJ,a :3 • 

OL/~ ~ / r 
We differentiate equation (J2) wi th respect to 1/-, (~.& f).l!i ) 

setting alI the other sources fixed~ Then, with account of (25), 
re1ation (J4) and the identity 

1
1 

LI D-1d,ltJ. ) DdJ~~ _ D-.i#i ~& Dof.1rJ.,:L)
(JAf / 2. (;11/' 1 /,Z Z 

we obtain the equation 

_D-.idrJ,iDd..1 d 2. J'D - .i fiz} dZ d,J3 Dd.~r tx.d:P Dri.J.rJ,J.1'(35) 

l :3 +- cfD.id.L Z f- J' D:.td.1 .32. • 

Let us go over to the amputated functions 

rd.fl'= D-:j d.d:,.J D-.J}~LD-.fYd.3 Drf".Jd,l.f)., 3 
:2 2 :t 3 • (36) 

Then, instead of equation (35) we easi1y get the Edwards equation 5) 
for a connected amputated three-1egged function 

. r), Ar dj/'= J'Z;r -f J'Zaj! Dd.irlv3D~l(f.,l(rd.J(J.'1 4' (J7a)

crDl J'Df.Jrt2. 2.t • 

or in a detai1ed form 

ti. Por.: ~ fi r) f2-(Áfl(xI()Z~ x1lef) -Ir T (xzBr, ~1l1Jl/) XI!l BI!! ti'Dr(~lJlel) 

] 
5)

When we write "equation", we imp1y fixed va1ues of indices. 
Equation (J7), obviously represents a set of eight Edwards equation 
corresponding to eight combinations of two-va1ued externaI indices 
~, 8) J(. This comment a1so conoerns the Bethe-Sa1peter equation 
to~e obtained be1ow, (42), which is a system of sixteen equations. 
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+L Jli (JB/"J.x:) e5'ZdP( ;xzBf o xne!) 
d.! ,..ct'l =-i,,z t =j rDá.id..1./ /:1ct1 ,/)d.z) X 

o 2. (X.fu.t.J cXl (72 ./

)( LI\ d./d3 /. 1'1 ci..J • /J cX,3) DtX. 2Ci 'l ~ /I cLz ~. LJcli{)r cX3d. JI.Y 
...li, ('x.J(71).:t3U3./ 2. ("'2.l7l.,JVI-'1[7'1./ C37b) 

A graphic scheme for the Edwards equation (J7) is shown in Fig:1. 

ex cc, , 

~ Ô2:dp~7?\
ÔD~3g(1K-Ji ~+ 
~o(l 

Flg. 1 

Let us proceed to derive the f3et he- Sa1pet er equations in super
symmetry theo~. To this end, let us differentiate eq. (J2) with 
respect to A.2 d' vlith "account of the relation 6) 

J' d.-j3 j" r (l (l

J'llpr A2. =,h [ddrJfiS+(')d.J(jj3t']=-~[Jdrcf)tfJ. (J8) 

As a r e sutt , 

-L ddi f cf' ci./Ii 2.) -Jd2}
 
-,2D (jAf;}' D:2 ./ D2. -f Jrt [JdJ'cf)3t] I

(39) 

J'Ld
} /JD:;.rt:.) rfZfi-j IJ'D"" ) 

I-d'D/d .2(J'I// ' /1- J'DfL(J'IJ!rj=O. 
Fro~ constraint equation (18) and relation (15) it fol1ows, first, 
that 

(4 0a ) IJD:.I_) _ rf Jw j L [.rJ ti,; S
 
(JI/IJ'JJ -J'Ar J'I/f' =);J'I/f' D.: + Di D1J =
 

_ j [D"'JYS- DdJtYDJ' DrDdiJ'J-J 3 +.~ ,1+ 1. 2

and second, that 

~).Here we have made use of re1ation (18) written in a shortened form 

J9~JS= J4~~ . 'f.herefore, in relation (38), alongside with the 
perfiUtation of upper indices, the permutation of the corresponding 
argumenta is meant. 

, (;1",(\'D:.tdJ rJ.,~ J), I yJ' t J (40b)f"01'11.'/'/ 'j! =o J'lJf'J'At',t [D2 + D1 DJ ] = 

_ j [D(j.J(j,l rs tx: z. ('Da DrJ.Ji'Dtf.zS DcitJDd.l~ Dd..J(}..2.SrtJI - 'I 'I -f 3 i +" 2.. 2. + 2. 2. + 3 Ui.. 
1 
s . Substitution of relation (40) into "(J9), first, cancels a number of .I' 

ter~s owing to eq. (35) 

~j D.-UrJ" [D:'<I··.1Df+ D:,d.2 J'D; ] D/fi-lj3I

j tz-tlvj3 fDd,uizf'DJ' Dd .J. J. '2. SD ' ] " j !ZdJ rDoLJi'"S 
..f~ arD2-~.tdz 3 :J. + 3 'i \ f- :? cfD./d.1 L.' 2. Ui 

~DdJ 7 I 

-I-D'.i 2. J, " 
and second, upon that subatitution the term in the left-hand side of 
eq. (39) contains the term 

In-.IddJ[Dá.t!'DfÃ2S Dd.JS"dZJ'] D-i d zj3
-h:.t ;.e ~ -f ~ UJ, ~, 

that cancels out with the second termo Consequently, "eq. (J)'assumes 
the form 

j D-ict~.lDrJ.,1(j"2.rcS'D-irJ.zj3 I dL oIj3 [DfJ-ldv7. YJ' 
-;r ~ li z +:%JD:lrJ..2. 11.+ (41) 

/lollJ'.Dd-'-Ol + i cJL.d.j5 Dd.tJJ'- O 
I- U2. 2..J h J' ~d.JJ. 3 . 

Ui d.fl(J' -id-cLJ. -lj3rJ.l -1.rri3 
Proceed to the amputated f'unc t â one F = D~ DL D X 

n-JJ'd " D ti.td,l. d.3d. 'I • Considering that Z 
X:.t 'I " 

_1 tzct} D-ld'r,D-i.ft'J.[D(/..JtDtj.~J+ D(J.,l ÓOdvzd, = 
~ cfD dlr/..Z 2. 2. 2. l l 2.. J 

z " 
'/ IJ'L(j.fl dL~Jí ~) JZ d.}
 

=%(d'D:-'j' +JD!Wj =. JDt'fi' ,
 
we get 

C~dJ'== J'Ld
} + tL~ Dd./rlzr;dzoJ' 

r h ~r.d.lrl..l J'DfJ e 3 +1 
cJZr/.} DciJd3DduillFd.:>d.1I rs (42) 

+ d'DtJrt 2 l .2. 

12' 
13 



This equation represents a system of the Bethe-Salpeter 7) equations 
(see footnote 5) ). It is plotted in Fig.2. 

",pt r ~ dr-:rF -26fj73"" .,. I~ I II I-t-

P 8 fi 2 6:eJ
+ 

Fig. 2. 

Let us find a connection of the Edwards equation (37) and Bethe
Salpeter -eq , (42) with generating functional of the second Legendre 
transformation ~(t) • With account of (32) and (30), (31) we get 

dL dv
} L _ -.id.' cfWa) _ cfWOJ 

J'D}' J'D/! o: + J'Dz.iJ..}J-.tJ'D/tDt} ~ (43) 

and 

dZ.rJ,j S -Jd} J'W~J'- (44)dDfS 'C'dDr f- D2 I-,t c!'D/ 
_i. ~D-.fdrD-jJ'j D-jd.JD-i~1)-f~ SW(~) . 
-h Li 2 + 2. J'D[JtDtftl 2. 

As will be exemplified below wi th the Wess-Zumino model, t h ese 
relations play an important role since they provide new possibilities 
for lnvestigating kernels and inhomogeneous terms of the Edwards and 
Bethe-Salpeter equations. 

4. The Wess-Zumino model 

;ot:-~ha~~;-~he-::raction term si: [CP; cpJ in (1) is 
taken in the form 

s:[tp. CP] =1-[p qxjZ() cp r:.r~, e) f
(45) 

-f/o''I,x/i e/Z&$D3(x~~ 8j}-jJ'Ix d2&ttepd(x~ 8', 

7) Eqs. (37), (42) have been obtained in the supersyrnmetric approach 
in a mâtrix formo A component form can be easily found by a standard 
procedure 16/: One should choose concrete values for the indices
d R )/ 0 (thus choosing a particular channel) and then differen

),r) O) o 
tiata with respect to 6? and & and put them zero~ 

we shall arríve at the well-known Wess-Zumino modelo Let us €xpress
:/dv(X f)"'} that enter into inhomogeneous t erms , and the kernel of _ 

equations (37) and (42) in terms of the above expression for~ntL'~~-l 
Formulae (10), (17), (43) give us 

Já - L'e.-W/ J'S'illt[P; rz:le w=. (46) 
- ( ~ (J'cp~ /. t cf ep2 cf' 

tp=;jAf J =JAf 
/s. -tVJ /d)~ W7 . [ dvÓv ~ cL] 

=- Se. z3(J'Af e J = t/f D~ + Di Di · 
Let us determine the inhomogeneous term of the Edwards equa


tion (37) from its connection with the generating functional of the
 
second Legendre transformation (43).
 

The Schwinger equation (19) and relation (31) give 

rw{~) 

~- - 11 <:Iv 11ro: ~ d.JJ'Dt - - -,t J = J .J 

Insert it into (43) and taking account of (46) one easily obta~ns 

} _ cf It' 00 Y r) .
 
cf
dZor

rt 

-~J'D;}! (T D2. -f Dl D1/= t:f SrJ.KSYJl· (47)
 

cfLtJ,.P(.xI()I~ .x118!) 
= tJdcLral} â(XI -3.81).

JD/'('.xg&l) 

Relation (47) is exact, i.e.,it holds valid beyond the scope of
 

perturbation theory.
 

EQgcl~~!Qg 

We considered a sca~ar superfield model, a particular case of
 
which is the well-known Wess-Zumino modelo The supersyrnmetric Schwin

ger equations are found, and on their basis with the use of the second
 
Legendre transformation, the two-particle Edwards and Bethe-Salpeter
 
equations are derived. It seems reasonable to extend the formalism we
 
have developed to more complicated models, including ~he Yang-Mills
 
supersymmetric theory. It is also of interest to study the Logunov

_Tavkhelidze equations which may be useful for examining bound states
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of particles ocourring in the supersymmetric QCD (for instance, a rv 
gluon-gluino (~~ ) exotic bound state). Note that the connection 
of the kernel ofthe Bethe-Salpeter equation with the seoond Legendre 
transformation provides new possibilities for studying both the ker
nel of the Bethe-Salpeter equation and the quasipotential. 

These problems seem to be important, specifically, in view 
of elaboration of the scientific program of experiments at the con
structed colliders LEP (CERN), SSC (UsA). 

The authors are gratefu1 to E.A.lvanov, V.A.Matveevand A.N. 
Tavkhelidze for interest in the work and M. V.Chizhov and L.V.Avdeev 
for useful discussions. 

~~mJ. 

Chira1 superfie1ds are determined by the equalities 

D~ ep(X~ f)) &) =o, 
(A.l.l) 

D,;, cp(X., f).1 B) = O~ 

where ~ Dd., Ls a covariant derivative (aee refo/6/ ) . In the chiral
 
basis
 

~ "(.xt~ &) B) =(tX~ '"&õ'JI~ f)) B); 
(A.l. 2)f(,,'(Xr~ ()) 8) = (~~+ i (JõJlB) B) B); 

we have 

(A.l.J)rp -= cp(xJ,) 8); rp =- cp(cXR, Õ) . 

A11ow~ng for relations (A.l.2), (A.l.J) and using a Taylor expansion 
we may obtain the following relations . ""'-

Ih -t{)()(Jm/)) (A.l. 4)
tfl XÁ,) f)) ;; e. "" _ T VX ~ f}./ , 
tp(XR) f))= e/, f)(}B 'P(x~ 8)) 

where the notaion is used: 

&§ã"8f!~~Ji)§"'íl~Jí&d, .,". (A. 1, 5) 

in whioh ~ = (J~ 6) are P~U}-i ~tri~H~S, and tt.~ (Jd.- are 

WeYl ..sPinors(()~=gcl.,.fl().fl; (J~=e,;'EU; eJL=gJJ=.-EJi=})) 
which represent Grassmann coordinates of superfields. 

!~gdi!~ 

For the superfield action (1) there exist four free propagators 

correspoilding to f'o ur .possib~e pairs of superfields ~ and p 
sandwiched between vacuum expeotations. In the chiral basis the matrix 

of free propagators is of the form: 

Doe"'':. _ i /<O/FfJ(,x&} rp(x/8'Jlo> <o/rrp(xe)C{J(.z·'§:JJo> '1 
( <o/rrp(;x()) ep(x l6J )/0><0Ir tfJ(xB) rprX'f))/o;J 
In cf(& - e)L1 /x-.x)/ e-.ft'08B' . (A.2.1) 

= , /\ _I C ( I; Li c (.x - a:')
I 

} 
( .2teéJEJ I '- e .Llc (x-X) -In J(&-éJ )LJc.(X-.Jt:) ~. 

where c/- j f l'PX j
L1 (~);.(tlf)1fjdPe In 2 - P2 - iE • 

I

< 

We shall show that this matríx is a kernel of the operator invers.e 
to the integral matrix operator ~ (7) with the functional unity 

_ (J(P-P)d(~-.x) O . )
:J -(() J'(Õ-p) rf(:x-X)J .' (A. ~) 

From antioommutation of the Grassmann variables IJ and f) 
it follows that 

I /1_ /\_ /\_ 

e-~t8f)X=j _ tt'fJa?' f t(fJ8%)~ (A. 2.,3) 

where {} and ;X are arbitrary Grassmann c oorü í.nat e s , Using the 
definition of the Grassmann ~ -function we arrive at the fol1owing 

equal i ty 

(tJ8jil=(&~(6;)ád:xd./xJ)(8fi(rJ9)}jX~~r)= 

= - d(&)S(X)!~ci.fE.ij(6f)di (r5Y)~8 2- 2---}-=. 
. .,-r ;}:zrfl í):X Y 

= -d(f})J(~){(ÓjJ)dri (~)dcIJL ~). 
(}~Jf (J,xY (A.2.4) 

With the rule of lifting (lowering) indices with or withoút the dot 
and the explicit forro of ~ matrices being used we may find that 

the expression in braces in the r.h.s. of (A.2.4) equals 

O) jI:líJ
 
-SpI =. -J) jI=-?-=- O


{ SfI =-,t» J' =y I- a . 
]6 
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WILL YOU FILL BLANI{ SPACES IN YOUR LIBRARY? 

As a result, instead of (A.2.4) we get You can receive by poat lhe books liated bclow- Pr lccs • in US S. 

inclu~HÍ1g lhe packing and regi8tered p08lage
(&8x);t=~J((})J'(X)ClJ'íJ(J JI'~ 

ti f).z (jZ'	 (A.2.5) 03,4-82-704	 Proceedings of the IV International 12.00 
School on Neutron Physics. Oubna, 1982=j,J(&)J(~)D . 

Obviously, applying to the latter we rnay rewrite (A.2.J) as follows:	 Proceedings of the Conference. on systems and01'1-83-511 Techniques of Analitical Computing and Their . ""-	 9.50Applications in Theoretical Physics. Oubna,1982.e-~t (}~;K-== j - ,[t'&§x + J'(&)J'(X) o	 . 
Proceedings	 of the International School-SeminarD7-83-644	 11 ..30

It is easy to obtain with account of (A.2.5), that on	 Heavy Ion~hysics. Alushta, 1983. 

02 Proceedings of the Workshop on Radiation Problems
413-83-689	 6.00X Do = Do JC = 1 , and Gravitational Nave Detection. Dubna, 1983. 

where 't he kernels of operators:J( and Do are defined by relations 013-84-63 Proceedings of the XI Intcrnational 
(7) and (A.2.1), respectively, and the functional unity is given by	 sym?osium on Nuclear Electronics. 12.00 
(A.2.2). Brati~lava, .Czechoslovakia, 1983. 
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CHCaKHH A.H., CKa~KOB H.B., llieB~eHKo O.ID. 
CynepCHMMeTpH~Hbie ABYx~aCTH'IHbie ypaBHeHHH 

EZ-86-635 

B paMKax CKaiTHpHOH cynepnoneBOH MO,!J;enH, 'laCTHb~ cny'laeM 
KOTOpOH HBnHeTCH xopomo H3BeCTHaH Mop;enb Becca-3yMHHO, IIOny
-qeHbl cynepCHMMeTpH'IHbie ypaBHeHHfl lliBHHrepa. Ha HX OCHOBe C 
HCIIonh30BaHHeM BToporo npeo6pa30BaHHH TieJKaHp;pa nony"tJeHbi ABYX 
-qaCTH~Hbie cynepcHMMeTpH~Hbie ypaBHeHHH 3p;Bapp;ca H BeTe-ConnH
Tepa. HaHp;eHa CBfl3b H,IJ;ep H HeO,IJ;HOpO,D;Hb~ "tJneHoB 3THX ypaBHe
HHH C IIPOH3BO,!J;H~M ~YHK~HOHaiTOM BTOporo npeo6pa30BaHHfl Tie
JVaHp;pa. 

Pa6oTa BbmOnHeHa B na6opaTOPHH TeopeTH"tJeCKOH ~H3HKH OHHH. 

npenpHHT Othe,D;HHeHHoro HHCTHTYTa Jl,ll,epHbiX HCCJielJ,OBaHHii. lly6Ha 1986 

Sissakian A.N.,Skachkov N.B., Shevchenko O.Yu. 
Supersymmetric Two-Particle Equations 

EZ-86-635 

In the framework of the scalar superfield model, a par
ticular case of which is the well-known Wess-Zumino model, 
the supersymmetric Schwinger equations are found. On their 
basis with the use of the second Legendre transformation the 
two-particle supersymmetric Edwards and Bethe-Salpeter equa
tions are derived. A connection of the kernels and inhomoge
neous terms of the~e equations with generating functional 
of the second Legendre transformation is found. 

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