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1. ,In trolluc tion 

Nawdays a lot of papers appeared where the beheviour of the 
Green funotions was st~died in ths infrared 11a1t (see, for instance, 
/1-4/ and the references tharein). Tbe interest in this problem i8 
oaused by B widely discussed possibllity of the oonnection of the 
infrared a8ymptotios of QOD Green funotions with the problem at 
quark confinement. Por this purpose the standard fermion propagator 

t«();rrj-~)"fI.Y)/o,> ( 1.n 
hae been used thet. obviously. is not a gauge-invariant objeot. It 
can be shown in the framework of the exaotly solvable Sohwinger and 
Blooh-Wordsiek models /5.6.7/ that the infrared behavio~r of the 
function (1.1) eQsentionally depends on the choice of a gauge. 

The eleotron propagator in QED has a branching point et j>L:... nt'" 
in the infrared l1ait and the exponential explicitly depends on the 
choice ot • gauge. The simple pole appears only in a speoial gauge 
d ~ 3 (the 3010Tiev-Yenni ga~ge). The propagator (1.1) 1s not e 
good object fer stUdying the q~ark confinement problem becsu.sa of 
its gauge-dependence. In two - dimensional QeD it 1e not possible to 
solve the problem ot quark confinement if one works on the baaia cf the 
gauge-dependent Green function (1.1)/8/. Besidss. in a general caBe 
of the non-Abelian theories the gauge noninvoriant objeots sutfer 
from infrered di.,8rgences and that is why, strictly speaking. they 
do not exist /9/. Due to th1e fact the raquirament of the gauge­
invariance caD ba considered 8S the condition of obsarvabil1t;J10/. 
So. a selt-coneistent study of the structure of the gauge theories 
should be baaed on the ~ee of gauge-invariant objeots, 

We shall study the ga~-1n.,ari8nt (a.I.) spinor propagator • 
.Y 

(;(XI!/) = /<()/iY(x)f'~[{j!"J~>JfJ)J~~J/o) (1.2) 
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in 	the f ramew or k of t he Abe l i an theory. The propagator (1.2) contains 

the exponentia l fa ctor JPe-x;::lijy,f'''IJJ'fjd 1 ) with the contour i n ­
tegra l over t he vector field~ ~l) that compensate. the gauge tran­
sforma tions of }t(:.c) and 1'(y) 0.1 . apinor function (1.2) "as COD­

side red i n/ 12/ from t he viewp01nt of a gauge-invariant dat1D1t ion 
of 	a quark mass and i n /1)/ In the framework of exactly solvabl e 

Sohwi ngar a nd Blooh-Nordslek mcdels. 

I n t ha preaent paper "e sbsll introduce a ne" clas8 of gauge­
-i.nvar iant f Ie lde through c ombIning the fie l da of Pock and Dirac 
olesses. It will be s hOlfn that in this new c l ass tbere naturally 
appears 8 par tioular ease ot the propagator (1.2) - the propagator 

G s t r. liDe(~', :I) for "bicb 811 the Integration oontour, the only 

natural con t our for a two-partic le Green function appears, namely, 
a pi eoe ot t be straight l ine that oonneots t"o poi nts .x and .Y of 
the 1I1nkOlfski space. The advantaga of thi s path over any other oon­

/' s t? ~./.. ,)
slst s in the fact tha t if in the G.I. propagator (.r ( ~',:I/ one 
would ohoose tbe tields Y;; 'jZ: 11.)1 I n 8 speoial Pock gaUge/14/ 

(r - (.x "'!I)/..t)"I1j' (<:) ~ 0 . tbent.ln · ~,~ould coi ncide with the 
usua l f ermion propagator in thill gauge. ThUll. the propagator 

,H. t " ,I(', ( x ,Y,/ i s connected with the S-ma t r1Jt elements by usua l re­
duction formulae . 

I n the preeent paper the Dyson-8cbwinger eqWltiona f'or t he 

Crt f . f ./.. I I 
gauge-invsri ant propagator ",: , Y,/ will be deri ved, and the 
behavIour of tbi s propagator wi l l be studied in the i nfrared limit 

on tbe baais of t be e quat i ons obta ined ss a we ll 8S of the f'Uno tionel 
i ntegration me th od. 

2. 	The cons truct ion of' t he gauge-invariant (0.1 ) Bpi nor 
propagat or 

There are t~o known olasse s of O.I. v8ctor fie lds:x

!t(.x/f); 1I.I'(x) - dJ'JdJ YAv ft) ~ (2.1) 

(2.2)BJ'(xI/) =ft. (:r)-?rP;ftx -Y)lIy (!I) , 

wbere' i 8. fixed point of the IIlnkOlfBki space , 8nd./y i n ( 2 .2) 

is a rea l funotion that satisfies the condItion ()'l~~)=-J,(~) 

1) Symbol J' denotes the ordering a l ong t he contour ( • •• 111/) . 
In t he Abe l i a n calle tbis s ymbol can be dropped it one cbooaee " 
s t ra !.gbt -l1ne contour. 

2 

In t he cas e of a s t raight-line integra tion cont our i n (1) the 
fisl d 8,)' (xlf) ooinoides wi th t h e f i el d taken i n the Fock gauge/l~ 

S -!)'#II),p)::'(} 2). Due to t his f act ~e shall call t hese fields 

the f ields of the Fock olass. The fi elds (1. 2) were int r oduoed by Dt­
/16

rao /( the Dirao olass fi el ds) . It i s Important t o emphasize that 
the fields (1.2) ooinoide with the fields Ill' t aken in t he ga uge
J"'(f)II),fp) ::. o. 

1he fiel d 8j1 (x/~) (1.1) in oase of the straight -line i ntegTa­
tion path oan be expreased t hrough the t ens:1.on tensor &i) by t he 
iuversion formula /1~,15/ 

1 Y ( 2.3 )
~(xIZ) =jtJSS(x-r) Fyi) (? +S(x -tJ). 

o 
The 1lIverslon formula connecting the fiel d s nth ~il has b een deri ­
ved by us tor the Dira o cla ss 1n / 17/ 

( 2. 4 )8)1 (xII) =p.Yj'~x- y)&~(y). 
It was shown t hat the fiel ds (1.1) and (1. 2) consi dered on the 

equations of mo t ion satidy the Lorentz gauge condition 81'Bf =0 . 
/1 8/ This oondition a ccordi ng t o t he Di rac t erminol ogy appears here 

as 	a sBoondary constraint. 

The G.I. Fock and Di r a c f i eld s are obtained f rom t h e or di nary 
electrolJla8llot1c fields 1l)' (X) t aken i n an ari bt r ary gauge with t h e help 
of the gauge transfOrmQtiOIl,Ilj' (X) -17;'(.)..} =- Aji (X) f ~), (:x. ) with 

the choioeA -::.A(x /~)=-JdS(X -'l/!1.;('l"S~-?~or the field s (1.1) and 

J =A(:x/f) =-/tI!lf 7X -y);i(y) fo r t h e f ield s (1 . 2). With the h elp of 
the local phase t ransf o:nna.t1on witb the same choi oe of ...\ we find 

the form of the G. I. spi nor f i elds i n Fock and Dir ac cla s se s, respeo­
t ive1;y, 

~. 

(2.5) 

z 
-Pix/?) =&Xff 'JJdfl;7~If)) 1'(x) , 

( 2.6) 

Y(x/I) =t/X! f "JclJJ~(:C- !i) I/~(Y)]1(x) . 
It 1s easy to se e that t h e sp1nor field s of the Fock olasa (2.5) 

are G.!. fields up t o t he gl obal t r ansf ormati ons ( they are multiplied 

by the faotor eXP/t'A (t)j unde r the gauge t rans formations ) . 
Besides, due to the taot that the point 2 is fixed for the 

fiel d s of YOok (2.1) and (2 . 5) classes, the transla tion invari anoe of 
t he spiDor and veotor p r opagators oonstruct ed wi th the help of 
f1elu...lli!l...and ( 2.5) i s brOk en. ( If one would t~e in (2.1) 
X) This gauge condition haa also been cons1deren i n 15/ • 
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and (2. 5) Z=1(x) ,then the gauge 1nvar1ance ot Pock vector end 
spinor fields would be broken.) Theee difficul t ies can be avoided by 
taki ng the limit 1- -=> • 

Here we propose a naw way of introduoing the 0.1. fields that 
i& free of the difficulties mentioned ebOTe end allows us to const­

/,.f't'l.e./.. !I')ruct s G.I. spinor propagator l.r (oX.; '/ ot the type discus8ed 
previously in the Int r oduction. 

We introduce the field x 

8.}4 (xl'!;!) " 1I.J'(x) -QJ~J' [JtI~'lI~(i)"i-
(2.7) 

t ,) 2(X) 
-/> Ja'~f(t(r)-z:)IIY('l')], 

where h satisfies the Sallie conditions as the funct i on I~ in tbe 
Dirac class (2.2). The inversion formula for the f ield (2.7) looks 
like i 

8.1' (x/'l.;/) =-JrlSS(x- ?)~~Y (~+sex -z» + 
J', 1 () (2.8) 

+ dt.rxj (!.IS(I-S)(X-2)~;(t+S(X-N)';jJ7:'lrt - lJ/],y(r)j " 
Let us note that in tbe frameworK of perturbation theory the gauge 
oonditione are i ntroduced for tba tree vector fields to be quantized 
later. In tbis case trom (2.8) with the account ot ant i symmetry of 
tbe tsnsor f5,.; ,the .:lOIIell equations, and the prope r ties ot the 
/.; f unction it i s e8sy t o find) that the !1e l d 8.)< (x/1.J) ss tis­
f i e s the Lorentz cond i tion 

(}.J'B~ (X!2;j) ::; 0, (2.9) 

that once more appeara aa t he secondary constra1nt. 
The G.I. spinor t i eld corresponding to (2.7) i s i nt roduced by 

t he phase transformation 

f(x),- Y(x/z;f) .. ~(tjA (X/'lifj}tffx), 

wbere A (x/!;!) is the expression that stande in square braokets 
in (2.7). Iii t 

To construct the Go} . /x,y), let us cboose 2=XI-!I 

and 4) J7i- r}=. - (X-!Jj/J,.foSJ'(rx-l-~)I.t-f.S(.x-.:I)I.t -2) .t 
j) We are Intera8ted~in the case wben ~ is 8 function linea~ 

in oX • t­

4) Wi t b tbis cboice of 2 and .:f the t1el~ 8~ coincides dtb 
tbe field A/' taken in the gauge (z - (x"V)/.t) "A,{~) =-0 uoed pre­
vi ousl y i n /1 91 in deriVing the dynamical equations tor tbe two-par­
t i cle relat ivist io wave function. 

.1­

In this caee tbe G.I. spi nor propagator is defi ned a s foll ows 
.!I 

C f"U. t(x • .'J) ::O t"( OII 1ffx j e/Xl fL.jjcl!1h(! » Y-fY)!O>, (2.10) 

where the integrat ion i s performed a long the piece of the s t ra igbt 
line that cotmeots tbe point _ :x and 9 • i . e . 

(2 . 1 1);jJ-= Xf+ S(Y_X)~ () ,s ~ i . 

). Sohwinger a9U!tions 

Let us deriTe t he Schw ingar - Dyson equationa tor t he G. I . pro-
SH.!/. J!pagator t rx , Y/deflned by ( 2 . 10) and ( 2 .11 ) . (In wbat f ollow s 

we sball emit t he symbol s t r. l .) Let us add t he Lagrangian by a 
tem w1th the vect or s ource 1; I tj/t =.J; (x) A Y(x) • In t he i nterac­
tion representation t he Gr een f unc t i on (1 . 2 ) can be r epresent ed as 
follows: 

CV', Y/ J) =L q,(x, y J:r) , (J.l)
So!Jjd 

where 

(J.2)Sa!l] =( O/TS!J) /O). 

( ).) 

Hera S!J} 1s tbe S-matrix i n t he pres ence of the s ource J.i. • The 
G. I . Green f unct i on (2.4) t ha t contains t he vacuum diagrams wll1 be 
rewrit ten In t he f orm 

:I r­

}(z) :ill) =jJea:t ['J p'J.J' (- ,j T.J'ftJJ /'/(x) !f/~ , ( ).4 ) 

X 

where 

j (x) !f/7) =. 1,"( O/T]£(x) ]?(Y)S/JJ/O> . (J . 5 ) 

I t 1s easy to check that the f unct i on ( ).5) se t i at les t he e quation 
~I :I 

[iJj, (~~ -!A~(x) -J{lz~p!'sAp )-ljUj' f>:)" .6l 

-{f/fxJ'j,,!YU ;> fjJJj - m}t (x ):i/J) = - d'(x-//). 
.l: 
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With t he aocount of (3.4) we derive from (3.6) the equation for func­
tion ( 3.3) 9 

[ /1" ~_q,L- - q,[2 rd~9J' J- mJ. 
1Jj4(~XJ' ~J'J.J.(x) (f JX.Jl/:'? J'J~{J) (3.7) 

. j (A." Y/J) = - J(.z'-!l) (0/ft!¢jJ{Jj'lj.l'A.I'fJ)S[JJ/rJ'> = 

: -d(.7C -Y)So[JJ. 


Def i ning tbe vacuum expeotation value of the vector f ield ;9.1' 

(3.8)2'L.I'(x) =s;, -YJJ(()/'T/t. (x)SiJJ/0>, 
we find with the help of (3.1) the equation for the G. l . funotion 
( 1.2) . !I 

. ~J J' [ ;; r ; J' oJ
tJ;. (C)X.I' - J J'J,r(x) - j ~X.l' pI! J'J>Yf) ­

, .!I.:L /. (3.9) 

-IlU .1'(x)_ t}6~.1'!/YlLY(FJ.j-m.jC(xJ !J/J) :. -t(.x-J). 

The geuge-invariance ia easy to cbeck of the obtained equation. 
The second Schwinger aquation tor the vaouum expectation value 

of the vector field can be found in a standard weyl67. It coincidos 
with the usual equat i on because t he latter contains the spinor Green 
function with the coinciding arguments. I n this case and with our 
choice of the integration contour the exponentlonal f actor i n (1~2) 
disBappears. Thua, the second Scbw i nger equation Boquires the form 

lL~(x)=Pl:JJj4~(x.l)·[J'ir)-I- tjS/(d~C;(Z, Z/J))j, (J.10) 

Q 

where ~~v i 8 the vector particl. propagator. Equations (2. 10) and 
(2.1 1) ere analogs at Schwinger equations for the G.I. propagator 
(1.2) that we are looking for. 

4. Dyson eqnations 

Let UB trao8form equat i ons ( 3.9), aod (3.10) so that they oompo­
se a system ot i ntegral equations. To do this , we sball pertorm the 
t rans1ti on t o II nS'W func t ional vll r h ble, U.I'(:z:)• ..king uae of the 
re l at ion 

6 

We introduoe in. analojg' with /6/ the Tertex f unotion 

;;(r~.'J/Z) =- J'G -rx,.Y/U) (4.2)
cf'lL.)4(~) 

Hence we b.ve 

J'GI'J:JYI U) 
JZL.Ji(Z) - =P.x~'yIC(.x,x'lU);;(x/.Y/f)C~'!I/ZL), (4.3) 

then equation (3.9) takes tbe f orm , 

[ t'Jx - m. + j U(x) -I-1)/,JlI»!j)} CP."" :JIlL) f 
.r 4 (4. 4) 

f-t;I.Jj;.t, ~y't/~ !rlJ./"~ (.x/r)f-!xY!/"iJci.)/hZ)}' 
.G(.xJX/U)r rx::;:z)C(!I: !I/U) = - t (X-y). 

Defining tbe G. l . veotor field 

;; j " Y8.1" (1 ,,:1):' U.I'(X)+;;.x Jl d! lLi'fj/ , (4.5) 

and the ma8B operator 
." . y,jJ/, I · COl 

/1(XJ .Y/u) == - tJd .Jdxdi!~.I'Y(.x~ 2) r 
(4. 6 );J Y 


r ilx.I'jtIJotJ')cl.Y (tJ ~)JC(xl x'/u) rY(r;!I /2), 

we rewrite equation (3.4) aa foll0l8 

[/;: -In I- j8(x/Y)JC-(x ,://U) ­
(4.7)

-/~.!IW(x, !It;U)C(!I: !flu) = - j'(X-Y). 

It 18 •••y to caet equation (4.7) into tbe following form 

C(x~ !flu) =- St: (X-Y) -I"Py'Sc (x-,!//8(:I; Y)G(9:!I/ZL) ­

- -J~:r'al.!l'Sc (x-x')l1(z:!I'ju)G(!I:!!/U). (4.8) 
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The masa opere t or ( 4.6 ) has a 0.1. form. To see this , we sball give 
it the form .!I I 

l'1(x 1 .!I/U) = L} ,r'lt/.!I'(oj T T/(x) tkCjJ/tj/ "fY;;; if)}· 
. Y,(g)~(x~ y)SiU]Itt>. X (4. 9 ) 

Let us study tbe second Scbwinger equation (3.1 0). Calculat ing t he 
functiona l deri vative J'/J'J;(!I) of both sides of ( J . l 0) we find 
with tbe balp ot (4.1 ) 

~Y(X,.Y) = 2J;y(~ :/) ­

-tjj:;Z e/Z'J);« (x~ r ) Sj> [,rri..J'C71L;t;:} :lJ" y(rJ.'IJj(4.10 ) 

Def ining tbe polar iza t i on operator 

~jJ (Z, 1:) = tjS/f!t£J'Grz,l/U) J= 
J'lLj1(?:) (4.11) 

= j .>,piI''jdz ~z"G(Z~ 2/tt)rfl(z: l "/z:)G(z;/~/U) , 
we represant (4. 10 ) BS tollows 

,2}.J'y (XJ!!) =£J;y (oX:, !/) ­
( 4.1 2 ) 

-p~tlZ:2J;d-(X) l)E;iz, 7:):tJj1;>(r, y). 

5. Infrar ed asymptotic. (Dyson-SobRi nger aqua tions ) 

To study tbe bebaviour ot tbe G.I. propagator (1.2) i n the inf­
re red regi on , we sbell appl y tbe method dllvaloped in /20/ . 

Equat ion ( 3.9) witb tbll Mcoount ot (4 .1 ) and t be cont our para­
metrization (2.1 1) can be ropreaented at jI :: f7 in the torm 

f A 

/i/.I'itx.l' I-f(i (x)- (}~.I' x~s~(SX;::/ - (5. 1) 

-iJ(u.l'(xJ-6~~ x:foSl/y(sxj)J-mlC(x1 o/U) =-S(x), 
() 

A 

wberll ;; (oX) :: 2:2).I'i'(X- 1:") J' 

8 

~/1:) ::' )Jt:£).}'y(:x - 7) _rf . . (5.2) 

Let U8 tranatorw to t ba moment um repres entation and conai der t he 
object j 

t (f l li) ::.JtlX efk:; (,,'PX) [ v:r (X) -f)~I' X1d$· tfy(SX)J ' 
o (5. 3) 

. (;(X~ O/u). 
/\ 

W1th the definit ion of tbe Jl'ourier - t rensform ~ (Ie) 

.... 


. t tl/(' ( , ....(:, ( 5. 4) =) (.Iff)'! 1».,/ -t 1Cz) Y; (IC, , 

WII obtain 
j ., . ~ 

J, } rile f tPX r · 110.. - (lOt' tfl:ry (1' /1,1.) -= d.J.' (.t1I) ¥ tiS e L e Yj,(I<) - t Tj' (KJ ( 5. 5 ) 

+tx}Xj' Se-iK-SX +-0,X".I' se -t/c:rs ~ (!CJ]. G(x, 0luJ . 
P8rtorming the integrat i on by parts i n t be l ast term of (5 .5) we 
COlll8 to 

'" 
~(P/U) =!tlSJ~~,,[e. (IC) r;(p- KIU) +IC~ J;1:J. , (5.6 ) 

-SIC/II)) . 
In accordancl wi t h /20/ in the infrared ltmit, in (5.6) the rollaw ­
ing apprOXimat i ons can be donel 

_ J '" 

~(Pllt)~ jdSjt '/v"[~(IC) -f K)' ~~flC) )C-(p. vc:c (5.7 ) 

j el~ .a! ~ (JJl)"dK~ [IC~ f~ (IC)JG(P/U) = O. 
It oan be sba.n analogous ly t ha t in t he infrared limit 

p~ d J 
!t/x t ( ! UJ'(X) -dX.t' X Y} IS U ; ('>'.x)jC (x"O/lL)~ O. ( 5. 8 ) 

o 

Thus, we Sllll that i n the infra red r egion t (I') obeys t be equat ion 

(/J""- m) {;/p) e! -.f 1 f.l~m; (5. 9 ) 

i .e., in the infnred limit tbe G. I. fennion Green func t i on ball t he 
siaplll pole 

t) 
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.t (5.1 0 ) C(I') = (In -P) -/ fJ~ 

Assuming that f or renor.malization of tbe G.I. Green funct ion t he 
c ounter terms will be needed of t he 8sme Btructure 8S f or renormali ­
zat ion of tbe S-mat r ix, we f ind for t he renorma lized Green funoti on 

GI(X, ~) ·" £/G(x, 9). (5.11) 

Thus, in the infrared limit tbe renol'lllal1zed G. I . propagator hes 
tbe simple-pole singularity 

I - 1. (5.12 )C{p) ~ .h...,) pt-~ 1ItJ-. 
m - p 

6. Infrared IISY!IIptotic8 (funoti onal method) 

Let us represent the G.I. spinor propagator (1.2) in the form 
of s funetional integral over the fermion and veotor f ields 

:; ­
{; (x,!I< ~ J£J!1f-, y,} :J)/J 1f(x)tn:1'(ii/elf)'1lJ" (j )]1f(!I)(6.1) 
.~1'(LS!tf, tf; fU) , 

wbere S['I , ~~/fJ is an action funotional of QED and t he tnnc­
tional integrat i on m ca.su:ree.l)["IJ V andfjll are ranormal1zed a o 
all to obtain from ( 6. ,) atj :. 0 a free spinor Propagator. :Besidell, 
t he mea~e2J11 includes some gauge condition wbose particular form 
ill not essential bere. Partorming integration over tbe fermiooic 
fields 1n (6.1) w. get 

/I ~ 

C(x,!/) ;Jj)1I t/e'i~~t~/_~-;J t4C1'/t:5:[AJj. 
(6.2) 

.f/ 

· 6(x,!f/A)~;P[tj!u'J.I'~fJ)J) 
wbere ~!/I] 1s an action ot a free electromagnetic field 11)1 , snd 
{;(.z:, !I/A) is tbe Green fonot i on of tbe fermion in an external field 
that sat1s f1es tbe squation

[t'a: +jlJ: - mJG (x,y/A) = - J'(X -Y). (6.) 

A formal representation of the solutions of equat10ns l1ke (6.) ) in 
the form of funct ional int egralB wae propo.ed in /21/. Pol1~1ng to 
/21/ 1t blls the f orm 

]0 

~ ~ ~ ~ (6. 4)C(x~!I/II)=-[t 'uJC + jAix)lm)G(x)!f /A) , 
where ()c!> $ 

C(x,f/III) = tjclS{?/.X.j> f-is(m:l.- /o)}j2J8 J[X-!l-.tfoJ BIj))· 
s 0 0 

.&rP/tj'JljB,,{J)8 j (j) - j (tB.ffJ) ff(,y(J)t'a:9r;J)' (6.5) 

)'(x -t!; cl18f?J)J] 

The integration meesure DB in (6.5) ie normalized S8 foll~B 
S 

1£)8ujJftJ'18flJ)8~fJ)J =f . ( 6. 6) 
o 

are valid /20-22/In the infrared l1Jll1t the foll0lf1ng approximations 
Firat, it is possible to put in (6.2), 

r/d[I.'§fj;A-InJ ~j (6.7) 

t/et£ia-mJ ' 
Which meene tbe negleot of vaouum-polarization effects . Second. t be 
term tS;.; COD be amitted in (6.5), whicb corresponda to tbe neg­
lect of spin effects. It i s importBnt to empbasize t hat t hese appr o­
ximations do not break the gauge-invarianoe property of the init ia l 
spinor propagator. 

After these approximat i ons the functional integral (6.2) can 
be oaloulated explicitly. Pin.11y••e obtain 

oc> S' 

(;(XJ !/):: IffY'Sea,IJf- /S(m"- t'o)J.fo8 ea:;;ftP!87))j 
,., q S (It (6.8). //dx -fm -t"h - }rf'/x-!l--l t;;1J8(fJ) L 

• .t J'/~(X) (.... JU l r.. '/ 

·ea;;/fj'lcl~ dI0.J.f(WJ)lJ~~ (WJ) hi)J:;(W'J,)}, 
wbere !I oS' 

jf(w) =;~(w) +ftIJ.I' J(V- ~)f-JtIj.t8/f!)' ( 6. 9)
S or / ' (I 

.J(v,/-x +.tJd[8(ZJ) 
/.tand J'J.I'~ (WJ, w1) h tbe photon propagator in an arb1trary 

gaUge. Upon eome simple calculations expreseion (6.8 ) take. the form 

I I 

http:f-/S(m"-t'o)J.fo
http:propo.ed


~ s 
cix" 1/)::: t Ids e.:r/ /-t'S(m .t- t~)J.ftB ea.jJ[-t!df8~1})J · 

o 	 $ D 

·f/;ix -f in T j .eJC(X~!I/B)!(.x-!/-,tJd!fJ(!J) . 
. 	 0 (6.10) 

. IY.JCjJ! j J.t¢(X~ !l18)}, 
where 

~ 	 S S 

;(x~ }j18) ::Jc1J YI'~£).J'y (xJ) -I- J1~t!.J'~y/t}'!" ( 6 .11) 

oX 	 tJ J 
.8ft))8r,;) , 

.s S J... 9 

{J(x,Y/B) =rp;L/aJ.z 8p t/1)J)jl y[t j dt Bf!tJJB (f~) f 


j'!I .JI r!l )) 0 0 !/ S' y. P $ 


ofj"fo .I"!J. '/lJjJY if,-/ t.) T,IftIf.!}'tIJ81;)rij,,;I; -X +.tJd! . (6. 12) 
x :c x 0 	 } .g{f) -,rJ. 

In 	t he courae of our cs l oula t i ons "e euppose tbat there i s perfor ­
med t he regul srization tha t does not des troy the gauge invar1anoe 
(for example, t he dimensional regulari 7~t ion ). In th is case a l l t he 
integra l s we meet a re meaningful. 

Par a st ra i gh t-lIne pa th i t i e easy t o see tha t the f uno tions 
/trx/ !I/8j and ¢ (X,, !:I/8) depe nd only on t he differenoe of X a nd !I 
Pass i ng 1n (6 . 10 ) to t he momentum represent a tion, i.e' 1performdng 
t be Pour ier trensformation over the varis ble X - Y and performi ng 
• shif t of the functiona l -integration veri a ble 

~ft) = ;; -f~fl/~ / =$11; ( 6 .13) 

we obt a in t he G.I . Green f unct i on 1n the momentum represent a t i on 

6-(;0) =t"flSi'4jJIts(P -/1Z~,t IO)/tfJ4) tkrfJf/s/o"l/U}7vlJ . 
o "'" , """ () (6 .1 4 )

' ljJ~m Tj .t1C(o/td)jt?/XI [j j.tP(f/tV)j 

In t he 1ntrer.d r egion i t is possible-Jo neglect the functional ar ­
gumen~ln functione le Z (;>/ I4J) end ¢(I'/tV). The funct iona j((/'/q) 
end ~(I/gJ , aa it i a aasy to show, a:r eq~l to zero. Tbus , f i ­
na lly, we find i n the intr.red limit ;> ~ In that 
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uo 
/St'l'~ .t+/tJ) ,P"'+ m

c(~) ~ t/ii 'JjdS 	 ( 6 . 15)
::. 	m.l._ ,PL+tO

" 

7. Oonclunion 

Thus, wo hove dO'rived an nnalog of the Dyson-5ch"inger equations 
for a gauge-invllrlant propogator. Tbe DlBSS operator that appeara bere 
has an explicit gauge-invariant form. 

On the baois of the Dyson-5ch"ingar equations end functional 
methode the behaviour of the gauge-invariant apinor Green f unction is 
studied in the infrared limit. It is sbown that unlike B gauge-non­
invartant Green function that bas a bran.cb point in t/; -gauge, the 
gauge-invariant spinor propagstor has a simpl e-pol e s ingularity in 
the infrared limit. Note that this result is oompl etely consistent 
with tbe results obtained previously in the frame"ork of the Block­
-Dordsiok model/ 1)/ • 

Ths autbore e.xpress their gratitude to A.E.Dorokbov end V.I. 

Sevrin for useful disoussions. 

Referenoes 

1. 	MBndalBtam S. - Fays.Rev. 1979, v. D20 , p. 322 3 1 

Pagals R. - Phys.Rev . 1977, v . D1 5 , p . 299 1. 
2. 	Baker M., Ball J.S . , Lacbari esen P. - Nuc l . Phys. 1981 , v. B186, 

p. 	531, - Duel.Phys. 1983, v. B229 , p. 445. 
3. 	Arbuzov B.A. - 'Phys.Lat t ., 1983. v. 12513 , N 6 , p. 497; 

Al ekseev A.I., Arbuzov B.A., Baykov V. A, - SOY. Journ. Nuc l.Pbys • 
1981, v. 34, p. 1374; 
Nek:rasov 11.1.. , Rochev V.E. - Sov. J ourn.Nuc l .Hlys . 1984 , v. 39, 

p. 	1275. 
4. 	Ef1lll0v O. V. - .fTNR 1'2-64-71(" nubna, 1984. 

5. 	Schwinger .1. - l't1yo.Hev. 19(,2 , v. 128, p. 2425. 

Pried H.Il. - Pundion.) Mothoda ond Modele in Quantum Field 
Theory, Cl.lmbr"I~, N11' J'I"oOll, 1'17 

Bloch F•• N!w.ll1l.k A. - "IYM.III,v. 1'1'\7, v. ~" . p. 5.4. 
6. 	Bogolubov I~.N., :lhlr\<ov II .V. - '1'1111 In~r')I)IJ"t:lon to the Theory 

of Quanttzotl Ifl II 1,1,., Illl'lnH', I"IlI' " 1~lh l ., 1ml. ,Nllw York, 1959. 

7 . 	 Ooloman e. - I/'~. '11t l Oll'fj "".Itll'llllIl :lt1l. !lohunl of SUbnuclear 
Physics, Bl'lt'CI, I J'l1) . 

8. 	MBtveov V.A. _ 'rllo 1"/'1)('. \If' xiV l il t.. :Iohoot ()D IUgb Energy 
'Physico. JHIII " i!-lI t - l')/J. ,1 ,lNII, lIulmo, " JH1, p. 242. 

I ;f 



9 . Slavnov A.A. - i bid•• p. 36 . 
10. 	Fock V. A. - Izvest iy of the USSR AcadelllY of Sc i ences, OMEN, 

1937, p. 551; The Collect i on of t be Works aD Quantum Field 
Theory, Leningrad Univ . Pub•• 1957 , p.141 ( i n Russian) . 

11 . Dubovikov M. S. , Smi l ga A. V. - Nucl.Phys. 1981 , v. B185. p. 109; 
Cronst r om C. - Phys . Le tt ., 1980, v. 90B, p. 267 ; 
SchwInger J . - Partic les , Sources and Fi e l ds . Add ison-Wes l ey 
Pub.Comp.Uses. 1970. 

12. 	KBpshay V.N., Skacbkov N.B•• Solovtsov r . L. - J INR, E2- 83-26. 
Dubna, 1983; In proc. of VI-Int. Seminar on the Problems ot 
High Energy Phys. and Quantum Pield Theor y, Protvino, 1983, 
v. 2, p. 262. 

13. 	Keosya K. et a l . - Pbye.Lett. 1982, v. 111B, N 1. p. 61; 
KaDeya K. - Phys.Rev. 1982, v. D26, p. 1758 . 

14. 	Sol ovteov I.L. - 1zvest i y Vuzov, PlziKa, 1985. N 1. p . 65 ; 
Solovt s ov I . L •• Solovtsova O.P. - Iavestiy Vuzov, Fizl ka, 1984, 
N 12, p. 49. 

15. 	Lagunov A.A. - SoY. Journ. ZETP, 1955. v. 29 , p. 871. 
16. 	Barbashov B. M. - SoV'. J ourn.ZETP, 1.l0:J , vpl • . ) , p. S,'? 

Blochint sev D. I ., Bs rbsehov B.Y. - SOy. Journ.Uepekbl of 
Physica l Sciences, 1972, v. 106, p. 59 3. 

17 . 	 Fradkin E. C. - SOy. J ourn.Proc. of Ph IAN , 1965, v. 29 . p. 7. 
18. 	Bloc b P•• Norcaiek A. - Phyo.Rev. 1937 . v. 52, p. 54 . 
19 . 	 Di rac P. A.Y. - Caned . Jour. of Physics, 1955 . v. 33, N 11, 

p. 650. 
20 . 	 Dirac P. A.M. - Lec t ures on Quantum Mechsni cs . Yechiva Uni v., 

Ne1I York, 1964. 

Recei ved by Pulllisliin.; lJcpurtmen t 
on J une 18 . 19£35. 

14 

SlJDJE(:T (:ATE(;ORIES 


0.' TilE JINR PUBLICATIONS 


Index Subject 

1. Hi gh energy experiment al physics 

2. High energy theoretica l phYSics 
3. Low energy experimental phys i cs 
4. l ow energy theoretical physics 

5. Ma thema ti cs 
6. Nucl ear spectroscopy and radi ochemi stry 

7. Heavy ion phys ics 
8. Cryogen ics 
9. Acce1era t ors 

10. 	 Automat izat ion of data process i ng 
11. 	 Compu t i ng ma thema ti cs and techni que 

12. 	 Chemis t ry 
13. 	 Experiment al t echniques and met hods 
14. 	So l id state phys ics. Liquids 
15. 	 Exper imental phySiCS of nucl ear reactions 

at low energies 
lb . lIt'dlth phySiCS . Shie ldinqs 
I' Thf'ury ot ulfldl'nrf'd m.,tt"r 
11\ 	 IIpllIll'll tl","0111 hI!', 

I i, II ."pllv' II 



WILL YOU FILL BLANK SPACES IN YOUR LIBRARY? 
You ean receive by post the books listed below. Prices • in US S, 

02-81-543 

including the packing and registered postage 

Proceedings of the VIII All-Union Conference 
on Charged Particle Ac5 elerators. Protvino, 
1982. 2 volumes. 

Proceedings of the VI International Conference 
on the Problems of Quantum Field Theory. 
Alushta, 1981 

01,2-81-728 Proceedings of the VI International Seminar 
on High Energy Physics Problems. Dubna, 1981. 

017-81-758 Proceedings of the II International Symposium 
on Selected Problems in Statistical Mechanics. 
Dubna, 1981. 

01,2-82-27 Proceedings of the International Symposium 
on Polarization Phenomena in High Energy 
Physics. Dubna, 1981. 

02-82-568 Proceedings of the Meeting on Investiga­
tions in the Field of Relativistic Nuc­
lear Physics. Dubna, 1982 

03,4-82-704 Proceedings of the IV International 
School on Neutron Physics. Dubna, 1982 

011-83-511 Proceedings of the conference on Systems and 
Techniques of Analitical Computin~ and Their 
Applications in Theoretical Phy sics . Dubna , 1982 . 

07-83-644 Proceedings of the International School-Seminar 
on Heavy Ion Physics. Alushta, 1983. 

02,13-83-689 Proceedings of the Workshop on Radiation Problems 
and Gravitational Wave Detection. Dubna, 1983. 

013-84-63 Proceedings of the XI International 
Symposium on Nuclear Electronics. 
Bratislava, Czechoslovakia, 1983. 

E1,2-84-160 Proceedings of the 1983 JINR-CERN School 
of Physics. Tabor, Czechoslovakia, 1983. 

02-84-366 Proceedings of the VII International Conference 
on the Problems of Quantum Field Theory. 
Alushta, 1984. 

01,2-84-599 Proceedings of the VII International 
Seminar on High Energy Physics Problems. 
Dubna, 1984. 

017-84-850 

25.00 

9.50 

9.50 

15.50 

9.00 

7.50 

12.00 

9 .50 

11.30 

6.00 

12.00 

6.50 

11 .oo 

12.00 

Proceedings of the Ill International Symposium 
on Selected Topics in Statistical Mechanics. 
Dubna, 1984. /2 volumes/. 22.50 

Orders for the above-mentioned books can be sent at the address: 
Publishin~ Department, JINR 

Head Post Office, P.O.ffox 79 10100n Moscow, USSR 

~ 

CKaqKOB H.B., ConOBUOB H.n., mesqeHKO O.ID. E2-85-462 
~paKpaCHaH aCHMnTOTHKa KanH6pOBoqHO-HHBapHaHTHOrO 
nponaraTopa B KBaHTOBOA 3neKTPOAHHaMHKe 

BBeAeH HOB&rn Knacc KanH6posoqHo-HHBapHaHTHhlX noneA. 
AnH KanH6posoqHo-HHBapHaHTHoro o6o6~eHHH cnHHOpHoro npona­
raTopa nonyqeHw ypaBHeHHH ~aAcoHa-illBHHrepa. Ha ocHoBe 3THX 
ypaBHeHHH, a TaK~e C nOMOmPID ~YHKUHOHanbHb~ MeTOAOB nOKaSaHO, 
KanH6poaoqHo-HHBapHaHTHbrn cnHHopH&rn nponaraTop B HH~paKpac­
HoA o6naCTH HMeeT oco6eHHOCTb B BRAe npocToro noniDca. 

Pa6oTa BhlnOnHeHa B na6opaTOpHH TeopeT~eCKOH ~H3HKH 
OHHH. 
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Infrared Asymptotics of a Gauge-Invariant 
Propagator in Quantum Electrodynamics 

A new class of the gauge-invariant field is introduced. 
For the gauge-invariant propagator of a spinor field the 
analog of the Dyson-Schwinger equations is derived. By using 
these equations as well as the functional intergation me­
thod it is shown that the gauge-invariant spinor propagator 
has a simple pole singularity in the infrared region. 
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