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I n t r_ o d u c t i on 

In meson theory without account of the electromagnetic interaction the Green 

function G(p 2 ) of a particle of mass m in the Infrared region p2 .. m 2 has the 

form ( x =· p2 m· 2 -1 ) 

This formula follows from the Kallen-Lehmann representatior/ 1•2
/ 

( 1,1) 

and -is va-

lid in all _orders in the_ coupling constant, If the electromagnetic interaction is taken 

into account and the particle is charged then the infrared asymptotics of its Green 

function becomes much more complicated, A large number of papers has been de­

voted to investigation of this asymptotics, Various methods, namely, method of re -

normalization group/ 3 /, approximate solution of the Schwinger functional equation~,4/ 
solution of. the Dyson integral equations in the ladder appro.ximation/ s/ 1 method 

of functional integration/ 6/ were used to show that. the· first term in the asymptotic 

expansion of the Green function in the infrared region is 

( 1,2) 

where y is, generally speaking, a series in the fine structure constant a , in 

which the first term of order a . was obtained, With the aid of the rrethod of 

renormalization group it has been shown that' in y 
2 /7/ 

there is 'no term of the order 

a 

The problem is to obtain the exponent y in all orders in a and to find 

next terms in the expansion of the Green function in x , This problem was 

recently considered by Milekhij B/ with the· aid of the method of functional inte­

gration/ 
9
/, but next terms in the expansion were estimated by means of perturbat-

~ ion theory, F'inaliy, in ref,/10
/ _ it was shown that the infrared asymptotics of the 

Green function in all orders in the coupling constants is of the form 
_, + y 

G(p 2}=(-x} +:O(xy)•+const, ( 1,3) 

where for the F'eynman gauge in all orders in e 

y =--•-a- • 
11 -

( 1,4) 

In the present paper we find an explicit form of the function- 0 ( x Y). without­

any recourse to perturbation theory, We obtain the formu.ia which like ( 1,1) explicitly 
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contains all terms singular in the infrared region and thereby completely genera-. 

llzes ( 1,1) to the case. when the electromagnetic interaction is taken into ac~ount. 

We consider the Green function· for. a· particle of spin 0 and ~ and employ 

the Kallen- Lehmann representation/l,
2

•107 and expansions· of the matrix elements. 

of field operators in the soft photon momenta obtained by the Low method/
11

/ 

which for our purpose was generalized in ret! 121 • In ref/ 
12

/ it was indicated 

·that the Low method generally speaking is not valid in higher orders in e for 

the · matrix 1 elements of real processes, The diagrams of such pr=esses contain 

at least two external lines corresponding to real charged particles; The exchange 

of soft photons between these pa~ticle~ leads' to infrared divergences and· .m8.k<.1s 

the Low method irrelevant, Here we shall consider the matrix elements of field 

operators the diagrams of which contain only one line corresponding to a 'cti~· 

ged real particle, These matrix elements" contain no infrared divergence 'and· the 

Low method for them is valid in all orders in e 

2, Particle of Spin ·Zero 

Let us consider the Green function of a charged spinless particle v.hich, 

for definiteness, we shall call meson. We first consider the matrix elementx) 

T" =<I) let> lr, k 1 , •• ;:kn>, ( 2.1) 

where · <I>. is the Heis~nberg operator of the meson field at the origin, r and 

m are the momentum and the mass of the meson, k 
1 

is the momentum of a 

phot~n with' polarizati~n · • 
1 

, This matrix element corresponds to the diagram 

of Fig, 1. In ref/ 10/ it has been shown that the expansion of T 0 in the mo-

mentum 'kn = k is' of the form 

Tn~k' 1 +0(1) ( 2,2) 

In a similar way it can be shown that ·the next teDn in this expansion is 0 ( k fit k l; 

We shall find an explicit forin of 0 ( 1) in ( 2,2), For this. purpose we' use the 

following equality 

Tn (< ~k ) = e T n _ 1 , ( 2,3) 

which is a generalization of the Ward identity. This equality can be derived from 

th~ relations obtained in ref./ 
13

/ I; is not difficult to prove 11 directly • We notice 

x) · . /12/ . ~ ~ 
As ill ref, , 1i =C =·1; ab =·gmna b =·a0 b0 -,•a b 
II:S-+. -+ • 'i . ii- m n . 
dk =·dk /(2rr). 2k•; (F )

0 
=Il F (k

1
). 

8 ~ ~ 

<k 1 k';.;.<2rr>. 2k0 B(k -k'·h, 

1=·1 

4 

.I ..,._ 

that if a . photon line with momentum k and polarization • is inserted into a line 

corresponding to a charged particle or into a simple meson- photon vertex and • 

is replaced by k 1 then the result is obtained from th_e initial diagram by the 

substitution 

F(q)-. e [F(q):.. F(q+:k )I• 

for the internal charged line and the vertex and Ffq)-.eF(q) 
(2,4) 

for the external. 
charged _line, where F ( q) is the factor _corresponding to the charged line or to 
the vertex and stands for the momenta of the charged particle upon which 

the factor depends. Now we consider an. arbitrary diagram of 1;.
1 

corresponding 

to ·renormalizable interactions with all the countel'-tenns, insert into it a photon 

with momentum k and polarization • in all possible ways and replace • by 

q 

k , Then we get the equality ( 2.3) for this diagram of T
0

•
1 

and for the col'­

responding class of diagrams ~f Tn , Summing over all the diagrams of Tn·l 

we get this e~uality for the renormalized matrix elements ( 2.1), Note that the 

eq~Iity ( 2,3) is valid for ~ny charged particle interacting in a renormalizable way, 

/11/ • (I) 
Next, following Low' 1 we consider the class of diagrams T of T in 

n n 
which the photon with momentum k and the incoming meson can be separated 

from the remaining part of the diagram if we cut one meson line (Fig,2,), The 

contribution of this class is 

t l) .t ' 
n =·A

0
• 1 ( r+:k )( 2 rk ) d ( r + k, r). 

( 2,5) 

Let us consider arbitrary directions of • 1 in particular such for which 

<k ;t.o , The vertex function I has the following general structure 

l(r+·k, r )=·(2r+:k) f +:kg . ( 2.6) 

2 
where f and g are invariant functions of ( r + k ) , From the equality ( 2,3) 

(for n =·1 ) it follows that 

( 2rk f \I ( r +:k, r) = e <I) I ill I ·r > = e Z , (2,7) 

where z corresponds to the external meson line with all corrections, For the 

usual renormalization procedure these corrections vanish, and 

(2.7) we get 

f=eZ 

Z =·1 • From eq, 

(2,8) 
It is sufficient to take the function g into account· only at k = 0 

1 
i,e, for 

the case of rea! meson external lines of the vertex 

Thus, within the accuracy we are interested in 

5 
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T1
' =-A . · (r+ k )( 2 r+k)c e z . 

n n-1 2rk 
(2,9) 

In An• I (r+k) it is' sufficient to take into' account two terms in the expansion ink 

ZA 
1

(r+:k)=-(1+:S ck _iJ_)T .
1
+:2rkhA 

1
(r)Z 

n- 0 arc n- a r... n .. 
( 2,10) 

where c=-k; , 'i' i =-1, 2, ··•:n -1 . 

Let us consider the contribution of the remaining diagrams T~2> • It is sufficient 

to take it into account for k = 0 • To find this contribution· we use eq, : ( 2,3). 

Inserting the expansion of T~ 1': ·(2,9, 10) and -f.2l(k=-0)into eq. (2.3) we get 

e [( 1 +:l: 'ck _iJ-) T .. ' +:2rk LA_;, __ , (r) z I •+= ..f?-l (k=O)= e T -·~ ... ' 
"· · iJrc ":~. iJ.r• .•·" at ""' 

(2;11) 

from v.nich it follows that 

T< 2> = -•e [ l: c < _2_ T 
1 

+ 2 r< _iJ_ A 1 ( r) Z I• 
n iJrc •· iJr2· n• 

( 2,12) 

Adding eqs~ ( 2,9," 10) and ( 2,12) a~d remembering the order of the next term in 

the expansion we get the desirable "expansion of ~' in k 

T. = ( A +:I. B c) T
0 

_ 1+:0 ( k l'n k ) , ( 2.13) 
·c 

where 
A=· e ·(2r_+k)<· ; B =-e(.:.!!..!..ck -c<)__a_:_: 

• r k iJ-r c 
(2.i4} 

.i; r k 

Notice that in this proof it was implied that a mass A was, introduced into 

the photon propagator. Otherwise the derivative (o/ a r ~A •• 1 (r) would not exist. 

However, this derivative does not enter the final result which remains valid for 

A =· 0 •. The next term in the expansion denoted in eq, ( 2,13) by 0 ·, for A f,.o 

would be of th'i' order k • For A=O it is of the order k fn k 

When deriving eq, ( 2.13) it was assumed that k= k. was much less than 

all the remaining momenta ." _Let now k n. 1 be much smaller than all the other mo­

menta but k. and as ·before k. << k n. 1 • Then we can _expand T •• 1 in eq, 

( 2.13) iJ;l k •• 1 • We take into account two terms of this expansion. in the terms 

of the order k: 1 'and only one in the terms of the order k: , Then we get 

an expansion in k. and k •• 1 all terms of which are symmetrical with respect 

to their permutation, except for the term 

Howeve:r, this t1~rm is 

we replace the factor 

B =-(B, +:B,. ) A. (2,15) 
n 9 n-l n•l n-1 

easily symmetrized/ 
12

/. Using the condition k
0 

« k •• 
1 

r kn • 1 in the denominator of eq. (2,15) by r(k. + k •• t ). 

Then we. get the symmetrical expression 

e 2 rf B =·--- ( k 1 -.lli..:- < )(< -·k ....:.:L- \, 
II r(k

1
+k

1
) rk

1 
1 I I rk1 

(2.16) 

6 

l 

" 

t 

j 

a 
! ' It r 

·) 
I 
I 
I 

I 
l 

I 
' 

and the expansion in kn , k n-t becomes valid f~r any k
0 

, k •• ~ much smaller than all 

the remaining momenta, Continuing the expansion in the remaining photon momenta 

we finally get 

T. =·(A )
0 

[ 1 +:% I. 
l,f-= 1 

(B /A A )+:I. O(k 2

1 
fnk1 )1·Z 

tJ a J t=-1 
( 2,17) 

Now we can find the infrared asymptotics of the meson Green function G ( p "') 

employing its spectral representatior/ 1•
2

/ which we write in the form/ 1 0/ 

G(p2) =·f g(r2) dr 2 +: v (p2) • 
m 2 P'- r•- iO 

(2.18) 

where a is arbitrary close to m2 and the function v(p 2 ) is continuous in the 

n~ighbC:,urhood of m 
2 

• The spectral function g is a tempered distribution belong-

ing to the class S* • It is given by the sum 

g(p 2 )=(217 '
3

:S .S(p -o )<OI<l> IN><N I<I>+'jo > 
N N 

( 2,19) 

and for p 2 sufficiently close to m 2 reduces to the sum over the states 

IN>:= !r, k
1 

.... k. >. containing a meson and an arbitrary number of soft photons. In 

this case 
~ n 

8 s ItS == .. 
(217) I 8 (p -p) =(2") Nt I _1_(I.7Jfdk) 8(p-r-I k )=I(I7J) (2 20) 
. N N n=O n! n 1==·1 I n • 

where I 'I m~ans the summation over all four .polarizations of a photonx) 

( Feynman gauge) and 
. a. =:s·" =.. . . 4 

I. =(217) .f,d f' I _l_(Jdk) 8(p-r -I k
1 

)=-.\-,{d x 
n! n I .1".11 . 

r;; e ·l(p-r)x I _L(f ~ke'k') (2.21) 
n n! n 

In the last equality we have replaced the delta. function of four- momentum conser-

vation by its Fourier integral in order to factorize the contribution of each 

ton and to sum over n 

pho-

'Ib avoid divergences in ( 2,19) in integrating over small momenta of inter-

medtate photons' we ascribe to them a fictitious small mass A , i,e, we put 

k 0 =(k 2 +:A 2)l> .·we· shall tend >: to zero earlier than p 2 to m? 

Inserting eq, ( 2,17) into eq, ( 2,19) we have 

Noting that 

where 

·g(p 2) =-Z 2 :S (I.'I): (A 2
) [1 +:I (D

1 
I A A) +:I. 0 (k 2 fnk) 1~-

n n l,l l I I I I I 

( A 
2

) = ( a 2) [ 1 + I. ( d; I '1 ) + I. o ( k k ) I . , 
n n 1 , I.J·· I J 

a z=·e rr . 
-;k' 

d=-e ....k.L, 
rk· 

we. rewrite eq, ( 2,22) in the form 

x) 
'I =--:1 for time and 1 for space polarizations 1 I 7]fmfn=-=gmn 

7 

( 2,22) 

( 2,23) 

( 2.2,4) 



g D• z 2 ( g
1
+ g.) ; 

g1 =·I. (I. 'I ).(a 2 ) [l+:I. (B I a a )+:I.O(k2 fn k ))..; 
D D I,J. II I I I I I 

g=·I. (I. 'I ) (a1 I. (d/ a
1
). 

2 n D 1 _ 

(2.25) 

(2.26) 

( 2o27) 

Let us consider the function g 1 • Summing over. polarizations and changing the 

notations of the photon momenta we represent eq. ( 2.26) in the fo:m 

where 

g1 =·I.((h)n+:(h)D• 2 n(n-1)Ha,a-t(h)D•In0(fn k• )r, . ( 2.28) 

h =-·(.Jl..!lL )2 
rk 

H = e1n2 
11 rk1 r(k1 +:k

1 
)r k 

1 

c· m
2
k1 k 1 -1). (2.29) 

rk1 rk 
1 

Inserting expression ( 2,21) into. eq. ( 2,28) and summing· over n we get· 

g
1 

= 2~ .fd~ (,dre-l(p·r)x+:F[ 1+:f{,;ii;
1 
d~ el(kl+k2)xHJt.fdit O(fn k)elkx I~ ( 2,3o) 

where 

~-+ y =:~-+ y =:s -+ lkx ,; .... ' lkx 
F =fdk he1h=·fdkh +Jdkh (e -1)+:{,dk he ( 2.31) 

y 

Here the integral with upper ( low.;r) limit y means the integral over the region 

pk,y.jp2(pk>y@) and 

At A-.0 

y =.J:p•-m 

y A -+ 2 
{ d k h = y fn ....£L +:B 

Ae 

( 2,32) 

.i 2 ~ •I 
n = y [ 1 - { d z [ 1 - z ( 1 -( !!!...2..) J I I ( 2.33) 

o pr 

( y is given by the formula ( 1,4) ) In the remaining terms in eqs. ( 2,31, 30) 

we may put A=·O We denote 

F =·y Cn _2_+ l3 + D , 
Ae 

y ~ .... =:1 

D =·y rn. y +{,d k h (e1kx_1) +f dkhelkx. 
y 

( 2,34) 

( 2,35) 

It is convenient to make further calculations in the coordinate system where p = 0 .. 

From the conservation of foul'- momentum in eq, ( 2,21) it follows that in this sys­

'tem, in fact, ;•< p 
2

- m 2 • 'Therefore all the terms in eq. ( 2,30) ( except for 

exp (-!~;) ) can be expanded in ; • After this the integartion over ; leads 

to 8(;) and its derivatives, Integrating over -; we can easily estimate each term 

8 

. x) 
of this expansion by replacing the variables x 0 -+ x0 I y ; k .. k y , It is not 

difficult to see that expressions . II 12 ( 2,29) and B ( 2,33) give no contribution 

we are interested in. We have 

g =....L ( 2 
I 2m Ae 

y 4- •lyxo+D . • G ... 2 ·....,; ~ .,... ~ i) 
) __L { d X e ( 1 - _;..:__\78 ( x) +:i V 8( X)___!! +: 

217 · .. . u 2m ·. . . . . a. t 
-+ ..... lkx 

+ 8( x ) {.d k 0 <fn k ) e I•, 

where all the quantities are taken at . r ='· 0 , Integrating over X 

-. 1 2 , y . I . . I+:}' . 
&1-z.;;- (Ae ) [R 1 +.--';-L~ R

2 
-2 R

3
) +:O(y fn y) ),, 

where 

R I =·-
1- rdx exp 1-·i X y +'y s I f I ( " ) ; 

2 "-co 
y 

S =·fn y +J~(elkx 
k 

0 
~ 

~ 

-1)+·[~ elkx 
y. k 

f
1
(x)=1; f

2
( X ) = i X { dk k elkx 

0 

f}x)=Jdkelkx 
0 

It not difficult to show that 

S=-·C • 17 -+:t -2- fn ( X +:i 0 ) 0 

where C is the Euler constan/ 14/ and 
• I 

-f
2

(x)=f
3
(x)=i(x+'iO) •· 

. : 

( 2,36) 

we get 

( 2,37) 

( 2,38) 

( 2,39) 

( 2,40) 

( 2,41) 

( 2,42) 

We have therefore the integrals R 1 which as it is shown by Gelfand and 

ShiloJ 
15

/ unambiguously determine in th~ class S* the Riesz distributions 

-cy+ty 17 - -lxy ·Y -cy Y· 1 
R =·e 2 ..!.. {.dxe, .. ( x+:i0) = e ......Y±-

1 217:..:.,;. '. ' . ' r(y) 

~er YY -R =R =e. __ +_ 
. .2 .ll ·. r<l+y) 

in the last expression the subscript +:'may be omitted since it is 

near y = 0 in the usual ~ense for y given by eq, ( i,4), ·Thus 

1 
2 Y -cy .Y. 1 5 Y 2 . 

g=·-<~> e -~!.:1:[1---+0(y rn y) J •• 

( 2.43) 

( 2.44) 

integrable _ 

( 2,45) 
I 2m . A e r(y) 2 m 

-x-)r-N __ o_t_e_th_a_t.;_th_e_i_n-te~g-r-:-al- over x0 in eq, ( 2,30) determines a function of y which 

is generally speaking a distribution near y= 0 , Therefore this ·replacement is pos. 
sible only for y.,{O. ·~ The integrals after this replacement are defined as the. 
values of this distribution at the regular point y = 1 • This concerns- 'the terms 
written down in eq, ( 2,3-6), The other terms are. continuous at y = 0 , 

9 



Introducing 
" •· P2 m·2- 1 

{2.46) 
. a 

and notirig that y •· + m :1 ( 1- lh) +0(>: ) we finally get 

g • -h-<.!!!....{ /cr ~>';.1 0-" -...L" + O( "2 fn x ) L ( 2.47) 
1 m .\ e I'( y) 4 

Let us consider the fl.!flction g 2 ( 2.27), Summing over ·polarizations we have· . 

2 
g2a-l:(h) •• 1 n(-e /rk

0
), ( 2,48) 

Further calculations are perfonned in a shnilar way, We finally get 

y 
g

2
= ....!.,..(~) e·Cy _1_[1+:0(x)]. (2.49) 

m• "e f'(y). 

Thus the spectral function of the meson Green function ( 2,25) is 
. 2 Y· 1 

g(p2) = -:5-- (~J e-cr~_[ 1- (IS +:%y) x +:0( x 2 fn x ) I· ( 2,50) 
.m Ae 1\yJ · 

Inserting it into eq, ( 2,18) and integrating as the Riecz distribution for 

p2 ,f. m 2 115• 
121 we get the following asymptotic expansion of the meson 

Green function 

2 1 r-1 G(p ) =·Z -::2 (·x [ 1- (IS +:% y) xI+· cons! 
1 m ( 2,51) 

2 I Y -cy , Z
1 

=·Z ( m .\e) e I ( l- y ). ( 2,52) 

Note that at the point x =-0 this function should be considered as the Gel-

fand.-Shilov distribution {~x+:iO) y-<1 /
15

/. In the lowest order perturbation 

theory constant in ( 2,5l) is equal to 1/2, 

3, Particle of Spin One Half 

In just the same way we shall find now the infrared asymptotics of the 

Green function of a charged particle of spin 1/2 (proton), We consider the 

matrix ·element ( 2,1) where of> now stands. for the proton field and r 

m ~re the momentum and the mass of the protono-

We write it in the fonn 

T.=-5.zu_, ( 3,1) 

and 

where u is the proton spinor and the constant Z as earlier corresponds to the 

external proton line with all corrections, 

Eq, ( 2,3) is valid in this case too, The contribution of the diagrams of 

Fig,2 now x) is 
5 OJ=· A "r +hm I'(k) 

•·• 2rk 
( 3,2) 

x) a"·=·ya ( ym' Y n I =·2 gmn • 
/ 

10 

. . /1116/ ) As it is :shown 1n refs, • . up to tenns in eq, ( 3,1 independent -::>{ k the 

vertex function f'(k) is equal to . 
, " .. ( ) I'(k) =-et- + + [k", t"l ~ 3,3 

where . p. '-. is. the ·anomalous magnetic moment of the proton. · Instead of the expres-

sion (3,2) we consider ... 

5< 1> =A . (P) p +:M I'(k) ( 3,4) 
n n•1 ~ 

where 

P=r+:k; 'M
2

= P
2

,· M =-m+:rk /m +:0(k2) · (3,5) 

The _difference between eqs. ( 3.2) and ( 3.4) does not contain k "1 and we in-
(2) . "':. "'· . "'- ' 

elude it into 5. , Since P (P+tO=·M(P+ !.1) then A,. 1 (P) in eq, {3.4)has 

the . same :matrix structure as . :-{.. 1 and . does not contain P , Therefore the ex-

pansion of A..r (P) in k is given by eq, ( 2,10) with the replacement 'I' by 5 
and Z by 1), Inserting ;;ow f' and ~2'(k= 0) into eq,( 2,3) we have 

" a · a P·+-M" ..t2> eZ [(1+:l: ck __ ) 5 
1 

+:2rk .,....;..A 1 (r))...____:_k·u +T fE-+k )=e T 
1

· . . a t -C D• a t• D• 2 t k D D• 
(3,6) 

Noting that ... 
-1 . "' '"' (2 rk J (P +:ld )IC u =( 1+:li:/2m ) u· (3,7) 

we get 

c2> . .... a · ·· . · · a. 
T =·-eZ (5 --+:2r<............,.. A 1 (r)+:l:c<.,-- 3" •• 1 )u •. 

n n• 1 2m a r- n· · o a r c 
(3,8) 

Adding this expressions to 
(I) 

T. we obtain the following expansion for T. 

T
0 

=-(a+ ; B0 ) T •• 1 + Z !J:. 1 Bu +:0 (k fn k), 

where a and B 0 are given by the fonnul;_s ( 2,24, 14) and 

1 ''. . '. "'· "'. . "'. "': 8 = --I ( r +.m ) ~ [ k , d +. e k d 
2rk 2 

Continuing the expansion in the remaining photon momenta we get 
n n B n 

T
0

=(a)
0 

[(1+:l: ~+:Y,~ _._II_ )Zu +:l: O(k
1

2 
fnk

1
) ], 

1=·1 a1 t,J =1 a1 aJ = .t::~:::·l 

We consider now the proton Green function 

G(p) =; Gl(p2)+:;, ~·(p2). 

. ·. /1 2/ 
The spectra! representation for G1 ( p

2
) has. the fonn of e'!.( 2,18) ,'. . 

(3,9) 

(3,10) 

( 3,11) 

( 3.12) 

G (p2) =j_ ·s, (r1 dr
2 

+ v (p2), (3,14) 
I m 2 p2- r 2_ i 0 I 

where 

.. . 
p·s

1
(p2 )+:m_s

2
(p 2 )=s(p)=_(2lT_);B(p-pN)<OIIf>IN><NI<I>IO>. (3,14) 

11 



Inserting the expansion. ( 3,11) into eq, ( 3,14) and sumni.ing over ·~e spin states 

ot' the intennediate proton with the aid of the fonnula l: u ;;· =i+m we obtain 

s(p) =·Z
2 l: (l: TJ )

0 
(a2)

0 
I [1 +l: 

" ' I,J 

+:l: [a. ( ;-+:m 
I 

...!!!.._+:~ O(k 2 fn k
1
)1(;'+:m)+. 

a a ·1 1 · 
I l 

)+:( ~- +:m ) y0 at.r.; I.; a 1 I . 

The tenns with ll' in this expression are cancelled and we have 

s(p) = Z2 1<v+:m) .g1 +:~(l:TJ In: (a2 )n ~[-;1 +(11 ~i<;·+m >+tr+m )~-i-1 ) /2u
1 
I ,J 

( 3,15) 

(3,16) 

where g
1 

is given by the fonnula (2,26), Summing over the photon polarizations 

we get 
2 .... ' / 

s ( p ) =-Z [ ( p · + :m ) g 
1 

+: m &21 •, • 
( 3,17) 

where · g2 is given by the formula • ( 2,48). Thus, t 1:te conside_red case reduces to 

the previous one: 

sl =·Z2 gl ; 
2 • 

8 2=· Z ( g 1 + g 2 ). 
. ( 3~18). 

From (2,47, 49) we get the spectral functions of the proton Green function 

2 :Y-' 
s

1 
(p 2 ) =~ (~ l e-cr x +. [l+:L1 x +0( x 2 fn x) ].; 

m0 Ae · r(0 . 

L 1=-·l- ~ Y L 2 =-·i1- ~ y • 

The infrared asymptotlcs of this function is of the fonn 

G
1 

(p2) =Z 1 ~(-x )Y'
1
(l+L1 x )+cons! 

- m 

( 3~1~) 

( 3;20) 

( 3,21) 

where Z 1 

also write 

is given by the fonnula (2,52), Instead of eqs~ 3,121 21) we can 

A A 2 
G(p)=·Z

1 
(___!_ +: 2 P. +:m +:y ~ )( m -p• l +:cons! 

· m-p- ·2m 2 4m m2 ( 3,22) 

The first two tenns in this formula coincide with the result obtained by Milekhin 

by functional integration/ 8 / , 

In conclusion we note that using method developed here we can find the 

infrared asymptotics of the vertex functions and the scattering matrix elements in 

all orders in the coupling constants/ 10
•
12/, In particular, it turns out that the 

elastic scattering of charged particles at small· angles is described ( if we neg­

lect a phase. factor) by the simplest one- photon- exchange diagram in all orders 

in· e • This meanS that the scattering of charged particles at small angles obeys 

the Coulomb law at ·arbitrary high energies, 

12 

f 
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