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Chiral-invariant effective Lagrangians proposed as a 

oompaot means of describing low-energy- theorems1), are suooes

sfully applied now for constructing dTD,alllical quantum field 

them-,-2). 

Calculations of contributions from one-loop diagrams made 

in worksJ, 4, 5) provide a satisfactory fit to experimental data 

on 1(.J; -soatteringJ,4) and pion fol'ID factor!!). In these 

worksJ, 4, 5) the superpropagator (S.P.) method 6) was used for 

calculations. 

The present paper is devoted to the oonstruotion of the 

regularised J'· -aatrix by the superpropagator method in the 

Honer~ cova;iant perturbation theory7). 

The second section deal1 with brief sketch of the oovari&nt 

perturbation theo17; a Lagrangian is c&l.culated and transition to 

the S ---.trix with..nollllal-,%dered·Lag:ran&11.&n:1s:~erformed. 

The third 1eotien pre1ent1 an anal71is of the standard re

noraa.l.isation theory for the one-l.eops diagrams, and basing on 

tllia a regularisatien of the noraal-ordered Lagrangian is carried 

out by the S.P. method. .An experience atored in exploiting 

the s.P.method for oaloulation• of diagruia with an arbitrary 

nuaber of vertioe1, &11ow1 ene to 1uppo1e that the ·5' -aatrix 

oonstruoted contains neither iafrared nor ultraviolet divergences 

te &11 ordera. 

ill cumbersome 

A,B; C and n. 

computations are removed to Appendioes 
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In Appendix A the Honerkamp Lagrangian is calculated. 

The normal-ordered Lagrangian is obtained in Appendix B. In 

Appendix C the rem,rmal.ization of the -:r-·r. -sca~tering 

amplitude is given. In Appendix D the calculation results are pre

sented for w~V-scattering amplitude in the one-loop approxim~tion4) 

by the S.P. method and superpropagator with deri-

vatives is calculated by rules proposed by A.Salam et al. 8). 

g, Cova:..-.aii.t ~tl.E'~lli?.Ll~U • 

To calculate a usual one-loop diagram by the superpropa

gator method one has to know the sum of all two-vertex diagram,. 

Within conventional perturbation theory the sum of diagrams 

with fixed number of vertices cepends on the choice of pion field 

coordinates, and the procedure of calculating superpropagator 

is noncovariant. 

However, the chiral Lagrangian has such a specific property 

that it contains a field derivative squared. Within conventio

nal. perturbation theory, pion lines can be contracted transferring 

two derivatives at vertices into one propagator, a.nd in so doing 

a diagram with n vertices may be converted into a sum of 

"noncontraotible" diagrams with smal.ler amount of vertices+). 

+JLet .1)(n) be the expression corresponding to.the diagram 

with n. vertices. Then for the "contractible" diagram 
n 

{l)(n) = L ii(c)((t<} the diagram :))(y,) 
••t 

is •noncontractiblen,. if C (n )= f and C' { A I 'l) =- 0 . . 
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Therefore that part of two-vertex diagrams whioh must be 

eummed up to apply the s.P~ method is present in all diagrams 

with an arbitrary number of vertices. 

The main advantage of covariant perturbation theory'1) 

equivalent to the standard one9) . is. that the sum of all 

diagrams with fixed set of vertices is now independent of the 

choice of the pion field coordinates. On the other hand, uovariant 
' ., ·. 

theary deals just with •noncontraotible" diagrams. 

This work rests on theoovariant perturbation theory
7
), 

so it makes senoe to present here its short formulation. 

The action and Lagrangian are considered in the following 

form: 

W ::e Jd~ £(,;) J. {1i) ~ 1 9.; (1,") ~ ;,;.-;) "',,. j '. 
(1) 

' 
where 3,j ('I") 

oenstant ounature 
F., -2 

' 

io the metric in a curved isospaoe of 

Ji = 9 2 MeV pion deoa;r constant. 

·J' -matrix as a functional of as1111ptotio field 

io written 1n the fol'IB of functional. integra1 2): 

,51{,;(<·,,J)= N-I} '7 !J dy;-'(xJ/f• exp{,- W -, J "'; ~ ,.-•;)"r.,
1
•;,J? . JI (2) 

where N is a normalisation constant, 8 = cle-t f/•i .. 
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1. 
I 

covariant perturbation theory by Honerkamp7) oonsists 

in expanding the action of eq.(2) in powers of derivative of 

geodetic interral. with respeot to the classio&l field P.: 

The geodetic interral. is taken between the points 'f' and 

integration variable $' in a ourved isospace. we would like to 

remind how to derive this expansion. 

Let ~'(A) be the geodesics fromf'(.,.•o)='P' tojY,,.,1)=9i' 

where the parameter >. measures the length of the ourve. 

The olassioal field 

..L_ w = - ar.f") 

'.f''' is a solution of the equation 

J..p• • ) 8,K(o f" + J;/ f'f'~i)Api): a:Jf'"~ 
(3) 

where J;/= f 8K-r(d.e 9-.; + 1 ~d-~~eJ is the Christoffel s7111bol 

and ?.. :- b. • The equations of the geodesios f '(A) o,pr -

aild the geodetio interval. I are the following 

cl2fi ,..,_, ,Jfl< riff 
d;.2 +:.J"e ;r-;- «.l =0 1 

f'(o) = 'ft' • ['(t)= y,' 
I (4-) 

J ,;; 

, elf' 
I(Yi,-f'} "' f 1>- f 9.-/ !M) ;r;:.-

o, 'I" 

Let us expand the action W{f'r>J) 
parameter~ around the point A= 0 

cl f; 
-;,;:' (5) 

in powers of the · 

Vl{f ~~;) = v/{f(aJ) -t-).{ ;('.~ .. W(t'JJ,,o -f- •• , 

Making use of eq.(4-) and wr1tting the derivative of geodesios 
r 

6 

['(,y with respect to the parameter -' via the 

derivative of interval. with respect to the classical field 

(b7 virtue of the Jacobi equation), 

( elf'). .. 
o>- l(v. 'f) = - = L (-,r,.pJ 

< I ,,/,>. ;1:0 

. we get for >. = i 

W(r:)= W(<t) +£. ;, W;1,-1,- ... -t,, (~)L;,L ,,_· __ 1 1•, 
.,,,. 2 • I I I . 

(6) 

where V✓.,, • -P 
/ ir • .J •• ~J "" 

stand for covariant derivatives 

w.,, = .r, \A/ 
Ir'", ' We •f = S'e W.e 

I .J I. z I , - ~;, ~" / 

Taking new integration variables 

rq = e/'NJL'°(~.P) ,, (7) 

a _ <1tt·, 11q 
(where f?,. are drei-bein fields ; ~- e ,1 =- J,-; j e.- 6;, = 'J,,f ) , 

we ~bt&in for the ~otional ~ ~trix the following 

expreasion 6) 

J'/. '""' I - f> ;~~{,p) -1~nc1r,;, / 8W,1et?-,.: C:W(<//r): .. 
c ~ 1 - ,v )~ x 8('(") oi!(Ti,f) e , <•> 

where 

i~U., ('f}: t° \,i/{'f) ·- , J 1,. 'flk 'iJ.-'-x-,.C,-•J 

1a the generating funot1on&l deaoribing tree graphss 
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~ ' l- . (T.e. -. q.r~ 1 ", Q -
W('P/r)=~

2 
n! ~e;, •. ;e..(-P)e ''{.P) .. ue . Jr .• ,,r • (9) 

As is shown in ref,lO),all higher covariant derivatives of the 

action w are expressed through tho metric tensor and 

Christoffel s1111bol because of the oonstant curvature of isospace. 

In Appendiz ,4 we obtain the explicit form of Lagrangian 

1n the covariant theory: 

\V(r/-;)= fc/ 4,nl(,-N) ,: J,,( 4
,1" f(?.r/ +:W:r(rN) 

J {r/.P) ~ f o.r"'+.t,<~Jr~)(J'."r, 1+ J'1f(re'J 8Q~f~) + 

+ e/NJ-;. P'[{-a/,rt + _p.r tcre_J (1-9r,;J(;"1- r
4>-1 + 

. . r2.. 

f } e/~!PJ3, ,,,.- e1
6r-1J'i}"'y:,i f[z?) { r,,~rC r 2fq_f) 

" 

. . -

(10) 

(1:.1) 

by means of a oal.oulation teoh111que somewhat different from 

that use~ 1n;th~ wo~lc1°) +), namol;r, by expanding, the La~angian 
C. 

(1) itself. Here Sag(?) is the metrio tensor 1n Gursey 

coordinates • 
C: - .. 

. ;. ~<li (le)= f,,l f (i) 

f6> = (-0!.._e./ 
~ 

/ 

(f'M-i)r~rt 
rz 

8(?)-:: -t, .. 2; 
-;;- I 

r =/-,rT 
{' 

I . (12) c.g"t= r2."J.e'" +e,,.,T.,:y,,,re 1'=·2~/~~~-~~'4),or,.,v 

+J~-tb.';;--;-;;;~ii; expansion of action is aade. 
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·' 

In the Honerkamp Lagrangiaa the olassioal fields enter 

covariantly, while the part of the Lagrangian (11) dependent 

on internal fields only, is the chiral Lagrangian 1n terms of 

the Gursey coordinates. This is not astonishing, as the Gursey 

ooordinates are the onl,- ones for which· "contractible~ 

diagrams without external legs are absent and in this case 

the covariant perturbation theory coincides by form with the 
' . 

061rVentional one. 

·A.theory with the Lagr~:ngian (12) is localizable. From the 

Honerkamp cOTariant perturbation theory it follows that the 

1ooal properties of the~ry do not depend upon the choice of pion 

field cooidinates and are defined rather by the transformation 

group under.which the Lagrangian is iilV'ariant. 

Quantizing the theory with Lagrangian (11) results 1n the 

J' -matrix 

. • i\.-'lh . ' 
S'(~·•1)-= e .t¼· 11·'f !J !J clrV7 e' W(rN! 

(1.'.l) 

Hence comparing (8) an! {l.'.l) we find:' 

____, 

It"') old ;),, ' - . r? 
f)t,J vL j(._-1') - V 9-. 

To calculate concrete physical processes it is conTenient to 

represent the J' -aa.trix (13) 1n the form of· vacuum "expect&-
·.-,. . • .,. ~ '- :r '. • .. • .- ' ' 

tion T&lue of T -product of the elCJ)onent of the normal-

ordered action. 

*There is similar effect in tree approximation (see D.V.Volkov1 

3tIAH, 4,3,1972). 
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~:~: 

$ ('f) = (o/7;.,,tt e UIW r(r/-f )/ o) e •:Wtue {<f') 

"(14) 

W r(r/'f} = €)(1'/i.jJ'frJ'r L Ll'{x-yJ½:-] WI(rl~) (15) 
. 

2 
Y ffr:.J . ~r ryJ 

The nc~-ordered Lagrangian is calculated 1n Appendix B. 

When calculd.ing the Lagrangian (15) onl7 the contracted products+) 

ot fields without derivatives are taken,because the contracted 

products .of fields with derivatives are compensated by deter• 

minant {t in (13), and those ot fields with derivatives 

and fields without derivatives equal zero. 

~!!!!!rization of the S' -!!§1:t!! 

It is knolfil that the constraints due to chiral invariance 

are not sufficient to deriTe convergent results even from 

the one-loop diagrams: 

°+J;he contrac;:;-;;;;uct of two operators aeana: 
. ,-, . . 

AB= <oJT(AB)/o) 

10 

... -;, 

~ ~ x=x Q 
<aJ . (b) (c) 

Fig.l 

The quadratic d1Tergences in diagrams (a), (b) and (c) 

can be eliminated by standard renormalization of charge and 

wave function (see Appendix C). Some quadratic diTergences 

in the diagrams (a) and (b) and those of the diagrams (o) 

cancel. To rule out the logarithmic divergences one needs 

to introduce ~wo arbitrary parameters, and the renormaliza

tion procedure becomes nonconsistent (See the paper by 

Ecker and Honerkamp2 >). 

Calculations of the diagrams (c) by the S.P. method 

result in the•eonvftrgent expression and fix these arbitrary 

constants4 >. However, as wa~ pointed above, nonregularized 

expressions for these•diagrams contain quadratic divergences 

which cancel some· divergences in the diagrams (a) and (b). 

Thus, on the one hand, the otnndard renormalization method 

removes the quadratic divergences but cannot eliminate in a 

self-consi~~en~ way the logarithmic divergences, requiring 

arbitrary paramflters. On the other hand, the S.P. method 

of calculations of the diagrams (c) fixes these constants 

but chAnges the atnndard method of renormalization of quadratic 

diverg~nces. A natural way out of this situation consists in 

II 



. construction of regularization of the diagrams (a) and (b) 

which is Rdequate to that of the diagrams (c) by the S.P. 

method. 

To calculP.te by the S.P. mett:od it is necessary to know· 

the sum of all one-loop diagrams with an arbitrary number 

of closed meson lines (Fig.2). 

Fig.2. 

To achieve this one should make a transition to the S 

matrix with normal-ordered Lagrangian (15), which leads to 

expressions of the type 

00 11 
J= 2,_ C (n}(t/(oJ) 

n,1 
J ri~l: 

) .1 '(o) (1;¥ ~ 
(16) 

We suggest to calculate such expression by a method close 

as much as possible to the S.P.method4 ) in calculating the 

12 

1' 
r 
/, 

if 

1rr 
I 

I: 

1[ 
-~~~ 

diagrams (c):+) 

<1'.p -~ ~ t:m 'J q'j, e•f/X r ~~{x)/ ~ ~v L!>c(x) C(n) 
;,, ... i. ~o >,rf 

;,, 

(17) . 

(See Appendix D , formulae (D;3), (D.5) ," where the superpropa- . 

gators with derivatives for the diagrams (c) of Fig.l are 

given.) 

For coefficients C(n} defined by the transition to the 

normal-ordered Lagrangian (see B.4) the calculation of (17) 

results in (see (D.5) ): 

Js:P. = 0 

and, consequently, for (15) we have 

[w I(r/<f)1 = wr(,/<f) • 
. J,rp (18) 

,i 

Therefore the S.P.regularization of the quadratic divergences 

leads to the following expression for the S' -matrix 

functional: 

+)An analogous regularization method is considered in the 

work by G.Lazarides and A.Patant2>. 

13 



. ,Wt,ed.P)[,_. / * ,·l(\;4./?rl'f')/ J 
S(,r,~n)) = e L\O T t? ,o>J. 

· . LR 
(19) 

Subscript "S .P." means that we must apply -the S.P.method .. when 

calculating the physical quantities. 

We expAnd the S -matrix (19) in powers of' WI 

The zeroth-order expansion gives all tree graphs. The f'irst 

order equals zero due to the normal product. The second order 

results are convergent4 ) and are given wit.h slight modifi~ 

cations in Appendix D. Works13 ) are devoted to a study of the 

highest-order expansions in analogical theories. In particular 

M.K.Volkov in his work l 3 ) has proved the convergence of 

theory of any order. Results of these works13) support the 

assumption that the t -matrix. (19) contains no divergences, 

and applying the Honerkamp perturbation theory guarantees 

the calculated ph,yaical quantities be independent of the 

choice ·of pion field coordinates. 

The author is very much grateful to B.M.Barbashov, 

D.I.Blokhintsev, A.V,Efremov, A,T.F111ppov, V,I,Ogievetsky, 

D,V,Shirkov, A,A,Slavnov, I,T,Todorov and M,K,Volkov for 

useful discussions. The author thanks also L.D.Faddeev, 

E.S.Fradkin and J.Honerkamp for discussions of work 5) which 

stimulate the present investigation. 
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Appendix A 

The usual and covariant expansions of the Lagrangian 

.[ (.PrL) eq.(l) in powers of the variable L are 

denoted, respectively, as: 
oo (n} I 

J. ( 'I' r L) = £.'tip) + ,f r,J (<f/L) + Z:: ,I, (!P/L)nf ' 
11:2 (A.l) 

[~{'f'(+JL}=.l'°Y,p) + i.u)('f/L) + f:_ J:..t)('f'/L)-1; 1 
. n=2 h. 

(A.2) 

where l. (o){'f) = £ {<f) 

J. c,J/'f!L)= a. J.cp'J.L'' + .1..-;J'f?'j,,,.y;J~Q•-Lti 
I d•l1 /4 .?' Jl ;;,,, •d'J 

' 
and the following relation holds: 

J_<">ctp+L /L) = J(n)(f/L) + ,f {n+t)(<J/L} +. • •, 
(A.3) 

Allowing for the equality 

J c- ,_ 
e. 3,-; == :.h, e i + Ji,tl 

(A.4} 
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we represent J.(l)(f/L) in the f'orm 

cf {')(':f/l) = d /• .:: ,e. J,i ~ 1'i ( JY"L) ', 
(A.5) 

(JY'LJ'= 
,,!., ...,...· Le, 
-~ f- J~,,, ~.l"r-1"' 1 

(A.6) 

where J,~ is the f'irst~order differential operator. 

When calculating .,f (?) we employ the eq. (A.3) 

rl(l)('f!L} -= (.JY'LJ'PJ. L);fJ,; + f/,"j ~ tf'~J--",prn {-;;ti 'J;n.' +-

+Te~ . I 
IK ]Lt.Lt, 

;,,n i- -a·tf'iT d'''(Ll,Lf,) 
fa J,f.f, . / (A. 7) 

r.J/, ) The second term of' the covariant expansion (A.2) ,1.X ( Y')L 
(1) 

is expressed via I in the following way: 

<i.(1)(cf/L.) = J.'(,)(o/'/L) - ,[ [:T." Lf,Lf']. = 
.)'. J IC l,f; · ' 

= J('{lf/L) - <? .. d.t{'iJ,,_'f,,..[<> :;:'· T"T' J~"']Lt'Lfz _ .. (A.8) 
dtd ~~ ,,,, {,f2 ¥. t,, f,fl 

-cJ,piT ?(Lf,L1•). ,.. J,e,e, :;t, 

From (A.8) we get f'or a space of' con·s·tant curvature the. 

following expression: 

,t;\cpJ = (~L/0"'j~,; + r{;{9,,,e .. 3;e,·- lJr,e, ~,.,)Jt~~,,rc:A.9) 
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Here the folloviing relation: .. -

3,i [ c?.,, J;,;~ - Je, J;,~ + J;~ ];,~-- -J;,: y;,:,] = 

= Rm,e,,;e, = ;:;·
2

[ ge,e, g,,,i - Jme, :J;e,] (A.10) 

has been used. 

Calculations of' subsequent terms of the covariant expansion 

are simplified s1gn1f'1cantly if one exploits the formula 

(A.3) and the fact that the covariant derivative of' metric 

tensor is zero : 
•/; 2( .. -,) (, . • ,, 

J'~in}{<;/L) = f i)({~ { ~f)~J) 1 {g,;(~J{Z) -~ 

- ju-LIC 9it Le (L~2/'"] +- ;; ~,;iJ,.f''/.i-,,t'gjer.:. g..}t)JfJMj 

2
'1f/. • 'il!.f% i ·r, " f (jll]f-2\h·/ I~ ( ,P/J.) :: ft) (V {~J}'JJ,fJ Lg,,, L OjtL - ~ii . / l_L ) ., (A.11) 

where 

~ 2 LI< e L ==. 31ed<1JL. 
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Now c~anging variables (7) and summing all terms·in the 

expansion (A.2) we obtain the formulae (11) and (12). 

Appendix B 

rj' -I 
To calculate W:: cl! I, '(rl'f) (see eq.(15) ) it is convenient 

to expand the functions f and ;J in the series: 

()0 

!=L Cr(K)r
2

" 
l<*c I 

00 

8 = r: c r1cJ r 2
"' 

k~o 3 • (B.l) 

Then it suffices to compute the expressions 

· 2 ....!-2.A't,,j_~ u. IL)n{-e?'r/1 (r)] ,e:z'"17 •-,-:A
1
(r)r 2

"-J1e (r)r = ( dr e :z:o- (B.2) 

111"1 1 Az=r~ I 
11,.,rqr' 

,,,rl 
The expression e tf,{r) 

transformation e ,,,-~ .. (r) 
is calculated by the Fourier 

with respect to the variable r 

~r' e A, (r} = ~,,[:er 2_,8~';1?] (f_:r)½<Pf~Ar) 
¢'-= f (/) 

2
::. T ":L · I/) 1 = I are/ fi )

1 
+ sat ( .J1 ) 

I .A-X I (:;s ·:t 1/J (fl ·i1' 

t -
J1 = i."A'{o) I 

t{ {o) = .L j ti~ cur -Kt-•/ • 
(B.3) 
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And finally, we get: 

- 00 oo h 

f=L r 2"C-fML .!!:.... __!5_:!:j_ 
"~o '1=0 "! /c+n+1. I 

- c,( ~-:<?:J 

rlJ. = - Cf{-J) -ti r2."Cf("-i)L ..:::..." 2{,c,-n).f-i 
ho i,=11 f1f .21c+{ 

s- rQ 00 . 00 n 
=- ra L r 2"Cf("JL ~ .!..!:.!,_ 2(,onJ-tJ 

" = 0 "=o n ! k: + n ,- 1 2 1e + 3 

- "° {";() " gr"'-= rqE r 21(c M2. ~ 
t(;o . a ., =o "'! 

i (1un)fl 

2Kf) 

(B.4) 

:f-1 .( 00 {,o o(~r," t 2~•~Jo· u,u)f1c+/} S,j (2Kf~J(1<,1)7 
--l- rQr =- L r 2

1tcf (ktt)L 111 f ( 2kt) (l<tMIJ{1<+nt/) -r 1/3(2(1<+o}t4){1cm!J r l<=O .,=o 

fr"'rl"" t-,2"C;(")i ~; frar l 2.{,w,~+;- ,("+")+J Ji,, 
1:.'=o ... =11 • (' 21tfj '21t.+j t(:f1t1J 

~-f ot> c,o 

,=,r"rt =L ,-1"c3(1c)L.~frQr( 2{1c+ .. J:£ EL ..,.. 

where 

1<•0 "=v VI/ 2 i<t'i """' 

• o( -5 2 U!/ (o) 
£2 

1" 

Appendix C 

&,( 2{1c, .. ),1 l<tu 
t_ --

2fi 2"-rJ lct~fl 

Snf ~J 
Z/1 1<+11+( 

Let us here renormalize the <;/iT' -scattering amplitude 

in the one-loop approximation. In calculations we will use 

the formulae (14) and (15). The Lagrangian (15) in the one

loop approxiamtion ·has the form: 

ofc=[.!..l'J_,p/+1= "ii1/,1,;f](i+ 2lA7•JJ -~,,,•~;r.. +.!... :;i/,;irf-3/J~cJ 
2 ~ ti-/ I,:<, _ F.'.l _;,,,T • f~l (~. 2, 

+ 2fF,/ (..-.,_ fJ,,•l- •('J,,,"li.)r0?•r1 
f- z;l 'j,~_p1(rr I -r2

J,,/ )., (C.l) 
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where Ti is the asymptotic field, a<(o) the 

quadratically divergent expression (B.3), From the equations 

of motion (3) we have: 

1 / ,12 2Cg.'1'/ = f ('1,f - 2 11"2{?,irf 
~;:;.i + 

O (rt), 

. . I 2 ,,-2{j.,r)2 . 
j ii'.~;;:- = - l?,;;;) + 2--- -1- o (,,'). 

4{:' 

From eq,(C,l) we obtain for the functional J"(r) the 

following expressions: 

J" {,:) ~ . ,Yo ~ ,I', /I) .~ ,F, (l) + .sr(.I) r {? (:,, 1) r O /2;,), (C ,2) 

,S>,,·-1..J,1i,(ll,./(:t _ 2,A{oJJ 
2 ·"" F,.' J (C ,J) 

S(t}= i_ Jc11 -,fp_,.J2(i - I~ Ll(o)c') 
l fF,/ Jt n I,!,. 2 £.l 1 

r . (C .4) 

J" (J)_ . ...::... J .:it a'j •• {x) ~ 'Ai{Jt) [ '1i'o {Y} 'J, T({y) - 'A(fl'P/•a {y}l X 
1 - +;.;,, J,._, 

:g ['?..t1'(x-y)v~ll'(..--:,J - 4c(x-.:,)j.?J ..1<(x-JJ], 
(C.5) 

(J) .( 4 . '[t . 21. . l -(. - --.> I l'tJ ( 2 ,I 
J', : zZ + f cl xii~ l?,.lf} 1fJ1i{,)} + .?. ~ (,,) v,,; (Y}; LI {x• Y,,.,c.6) 
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l 

j 
l 

-· 

The formula (C,J) defines the renorm,iJized wave function 

('z),.111,0-.m ( 
. t = 1 + ,LJ(oJ):;r 
£' ,, 

(C, 7) 

The expressions (C.5) and (C.6) correspond to the two-vertex 

one-loop diagrams and have the quadratic divergence 

[ fj s:(•JJ -::- tJu!; ,rl(!},.,.f(.1_ Mo)<) 
°J,"'a,/ p/_ V f/ F,/ y F,/ (C,8) 

Hence it is obvious that all the quadratic divergences in the 

functional ;S' (,r) are eliminated by renormalization of wave 

function (C.7) and charge: 

{-;z)Qnut~ f =-
;:;_ l .. ( i _ ti NoJt) . 

y F.t 
(C,9) 

,i 

Appendix D 

Here we would like to present the results for the T.-T,

scattering amplitude calculated by the S.P, method in the 

one-loop approximation, making use also of the rules prop9sed 

in the work8 >, 
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The second-order expansion of the functional .f'('if_) 

(19) in powers of w' baa the form 

( ~ { t f.( - - ii( . ... ..., , I 1,- ➔ I 1/..... .... J {JJ Jf(x-J::.J«tclx, "i:L I w(l)-.(t}/ ~lr(,Jv,,;;fzJ,;-1lf(ip,ir(2h1sr/4JJ:r,1JfiJ,;-",) 

+- (9.,.r,/{~, ~/- ,· 3, (-'\'-X,) + {f.i?(,) ~ir,J/,· z, (x, -,s;}' 
(D.1) 

where 
; co . C' Z.h 

6 (x)=-l-1-tJ'(x)2(-t,,c,(;r))C(n) · 1<:f2 
IC. i?f,;/ ~•o ~z 1/ ~ I , 

(D.2) 
C - (l.,.,~)(,.,,.J) 4 (6., t!,-J(i?.,f-.1) 4 
,--"-:----- - . C.=- ----- --

(2.,UJ(t.,+i")f 1S / • (?,.t1}(? .. t-l}/ 1!, 

( > - • 00 f-11(','(•} 12[., I; (,.,1 J} ] ~-~ (,c) = 2;~ (~,Aii .. LYr.R v.,.d(x)·Af-r))f \ F,3 / J(,~tl)(7•nJ! ·(D.3) . 

"- s· t'f/K 6 (xJ&/f., The Fourier transforms Z == e 

calculated by the S.P. method are of the form4 , 8 >: 
{ ·; ___ +z 

b~ - J2•~F,. ,r 

+,oo-t ~ , I /.) "J ,( r-1,Z-,·,11i l;i.,.2/(,,(i :: - dl-.- -
2, . ~,.,J,,~ fr1,:;_ 2 rf?1.,.,Jr(h .,.1) -,oo-)' ,r 

f ::--
/I!, 1rlfi~ 

Ot, : .1. 
15 

: [-t.. r-;;1~:; + J{c-1J ~ q.] + ~f,1/ 
n 

N 
Q'l:: -

fj" 
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(D.4). 

~ 

,;co-r ('" q ;/ ; M]I, 
~(3J f • -91-,r I? [(h•i) //,i•-ivfl~-rg,,. •. '/'2(-z.) _ 
6 = - - - "~ ..,__ -_,..., .J6r;'r,z 2,.J ((2rJi):) r(<~ -,1) (r{2~ r])) 2 M.>J 

-100-1' ·, 

1 1 / f: (D.5) 

=- {frt:;lJ2 TT { i'~~ -i '/;)ct. r-:;:;) + ¥·-.1J]-,. ()r'iv . 

and C is the Euler constant. 

Calculating the amplitude by the formula 

"P. ·P,x. ti q iP,X, _,.,P,x, -, ,X, -, t_• __ 
1[7 cl4x. e J;r. J-;;. Jr. £;; 

lr1 ' •, 'J 'J ' 

,Y(i.) ~ 

= , /.;.:It f (l/t1 -P, - ~. J{A(s, ~ u) t.·,- ,f, ,· + ,1(,u, u I J. . J .. ,. (D.6) 
t<' '/ ., 1 I 'I f 1 1/ t, I J ~, 't 

+ 1 («fr) J:. · f.. ] 
fl I I 1tlt 'J't 

2* I, . 2 
s~(r,11',) • j ;,t = f, -P,) 

I 
{,( ;,- (P.-P,,)2 

we obtain for A-(~, f,t1) the following expression 

/ 

/I . ) S I rsz //-S·(f ) 
r,-(.r,t,{( ::: {l -.,G.,,2~+ T ('4,;t{'.'l +-

t {t-u) I ('- t-ir }. ·. +--¼--+ 
6 h-2,t;z -

u(w-tl ,t.(-u-/:) + 
6 . v.-1;; 

+ ((!-::J(s2.,.f 2tifl) ,.·r J 
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(D.7) 
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