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Based on the existenee of a cosmic field suggested by [1, 2] theory of a weak interaetion 
without divergencies has been set up. The current-eurrent theory of Gell-Mann and Feynman 
is applied in combination with the theory of nonpolynomia] interaction. 

h is proved that all terms of perturbation theory series are convergent. Some interesting 
terms of second order are considered in detail. 

I t  is commonly  known tha t  the  cur ren t -cur ren t  weak in terac t ion  theory  
of Gell-Mann and F e y n m a n  encounte red  serious diffieulties connected with 
the ul t raviole t  infinities. A]though this theory  is unrenormal izable ,  the f i rs t  
order  ampli tudes  of  pe r tu rba t ion  t heo ry  series are in good agreement  wi th  the  
exper imenta l  da ta .  Therefore  i t  is possible t h a t  this  t heo ry  really ref]ects 
rea]ity.  In  a series of  papers  [3- -5]  a t t empt s  are made  to  consider the weak 
in terae t ion  theo ry  basecl on the existence of  hypo the t i ca l  in te rmedia te  bosons. 

The recent  developments  of the  in terae t ion  theo ry  with the nonpoly-  
nominal  s t ruc ture  of  in terac t ion  Lagrangians  raised for the  f irs t  t ime b y  
EFIMOV [6] and FRADKIN [7] revealed a new direet ion in cons t ruct ing  the  
quant ized field t heo ry  wi thout  u l t ravio le t  infinities [ 8  10] and, in par t icular ,  
led to the const ruet ion  of the nonpolynomia l  weak in terac t ion  theo ry  [11, 12]. 
LA~E and CHOVOS [11] proposed the  current-c t t r rent  theory ,  in whieh some 
second order  proeesses are convergent .  Thei r  theory  is based on the nonpoly-  
nomial  in te rac t ion  of eurrents  wi th  the  hypo the t i ca l  charged scalar par t ic-  
les. In  our  opinion,  this t heo ry  contains  the  following defects:  the charged 
sealar bosons as wel] as thei r  in te rac t ion  with cu r ren t  are in t roduced  arti- 
fieially, and the  t heo ry  is not  to ta l ly  free of  divergencies;  only  some second 
order  ampl i tudes  of  pe r tu rba t ion  theo ry  series converge,  for example ,  the  
�9 e scat ter ing of  second order  has the f ini te  w a t r i x  e]en~ent while the  self- 
energy of  e leetron diverges logari thmieal]y.  

The weak in terae t ion  theory  proposed b y  FiVEL and MITTER [12] en- 
eountered a]so some serious diffieulties as it  was analysed by LAr~E and CHODOS. 

* Present address: Warsaw University, Institute of Theoretieal Physies, 69 Hoza, 
Warsaw, Poland. 
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~0~ TRAN HUU PHAT 

In the present paper we make an at tempt  to outline the weak interaction 
theory, in which the above mentioned difficulties are overcome. 

In paragraph 2 ir is shown t h a t  the first order matrix elements of per- 
turbat ion series in our theory coincide with those of the ordinary weak inter- 
aetion theory. However, in the present theory the second order as well as nth 
order amplitudes ate convergent. The small distance behaviour of amplitudes 
is given. 

Paragraph 3 eoncerns the ve scattering of second order approximation 
with respect to the weak coupling eonstant G. The expression for the ampli- 
tude of the first order in the very small coupling constant 1 is also obtained. 

Finally, in paragraph 4 the self-energy of electron is considere& The 
cutoff has the forro 

G 
Ac~toj1 = --~ 

In paragraph 5 we present conelusion and discussions. 

Let us remember the main points of previous papers [1-3]. Ir has been 
proved tha t  the existente of cosmie field is characterized uniquely by the follow- 
ing space-time: 

ds 2 ---- e -'t~(x) (dt 2 - -  d~2), (2.1) 

where 1 is the new constant having the dimension of length and X(g)-cosmic 
field. 

Under the eonformal transformations the metric (2.1) is invariant and 
the Z-field transforms aeeording to the law: 

~ � 9 1  I det 0x '  t 0 x  " (2.2) 

Due to TAus [13] the metric (2.1) is the only one possessing the conformal 
group as its motion group. In this paper let us confine ourselves to considering 
only the weak interaction of leptons proposed by  Gell-Mann and Feynman.  

I t  is well known that  the interaetion Lagrangian reads 

G 

in whieh 

J~) : i~7, (1 + Ys) ve + / ~ y ,  (1 + 75) v~ 

is the lepton current and j(s ~) the usual weak eurrent of hadrons in the forro of 
Cabibbo. 
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THEORY OF WEAK INTERACTION 2 0 9  

In  the presence of a cosmic field, Lagrangian takes  the form 

G 
s -* L = 7 ~ - :  J z  (~) J +  (x ) : :  e -~tx(x) : .  

V~ 

Using (2.2) we can sat isfactori ly const ruct  the  weak in terae t ion  theory .  
We firs t  notice t ha t  the ma t r i x  elements for any  f irs t  order  process cor- 

responding to  (2.2) and not  involving the  emission or absorpt ion  of cosmons 
Ÿ are the  same as in the case when 1 ---- 0. Indeed,  suppose t h a t  l f >  eontains 
n cosmons 

tf> = ]f '> O In~> 

and [ i > does no t  contain cosmons. Then  we have the  following expression 
for the first  order  ampl i tude  

< f l L ~  I i> = <f'l ~~ [ i> <nxl: e--61x(x): I O> 
: n ' i> e iPX ( - -  6l) < f  [s , 

where P = to ta l  m o m e n t u m  of cosmons. In  the  case when n = 0, our assump- 
t ion is proved.  

As it  is men t ioned  in [1,2], for  usual  weak in terae t ion  proeesses we have  
to  eonsider only  the  processes wi thou t  ex terna l  eosmons. In  o ther  words,  the  
final  and initial s ta tes  contain no cosmons. 

Now we consider the second order  ampli tudes given b y  

Tq -=- S d4x ( f l  T [Lw (x)Lw (0)] I i> = 

= ~ d4x <fl T [s (x) s (0)] I i> <o [ T :  e-61x(x) ~ : : e-61x(~ I 0> ----- (2.3) 

= ~ d4x(J" l T [s (x) s (0)] I i> exp [36 PDo(x)]. 

I t  is known t h a t  in the spirit of  the  nonpolynomina l  in terae t ion  theo ry  all 
mom e n ta  in the  s ta tes  [ i > and I r >  ate assumed f irs t  to  lie in the  Eucl idean 
region, t hen  the  integrat ions  over  Minkowski space-t ime are reduced to  the  
in tegra t ion  over  Eucl idean space of  four dimensions. After  all the  necessary 
integrat ions  have  been performed we cont inue analyt ica l ly  these ampl i tudes  
to  the physical  region of momenta .  The content  of  the  above procedure  is 
called Eucl id ic i ty  postula te .  As a consequence of this pos tu la te  the  space-t ime 

2 in terval  x 2 -=-~2 _ x0 ~ is conver ted  to  the  Eucl idean length  r z = x~ + x~ + x 3 + 
+ x ~ > 0 .  

I t  is known tha t  in the  Eucl idean metr ic  the p ropaga to r  has the forro 

1 1 (~) - 
4~z~ r 2 
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210 TRAN HUU PHAT 

where 

and, then,  the superpropaga tor  for cosmic field takes the form 

G(x) = exp [36 q 0 (x)] = exp - , 

31 

7g 

I t  is convenient  to present G(x) in the following form 

' I m z  

Rez 

FiS. Z 

in whieh the pa th  C is shown in Fig. 1. Let  us now perform the in tegrat ion (2.3 

over ah angle. We obtain  

TU =- -2 S dzF(--z) f drr3Fi/(r) (2.4) 
O 

where 

F, I = J" d3~ (x) <fl T[~~ (x) ~~ (0)]Ÿ i>. 

h is clear t ha t  the integral  (2.4) converges a t a  small distance for Fu(r ) be- 

llaves like 

A Fu(r ) ~ -  as r ~ 0 ,  
r n 

where n is a certain integer. 

In  the case when Ÿ -+ 0, the integral (2.4) would be divergent  for n > 4. 
h is easily seen tha t  the small distance behaviour  of  T~ I has the forro 

~r F ( 4  --  n) (~)4-n for n ~ 4, 

T u ~ (2.5) 
c In 1 for n = 4. 
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THEORY OF WEAK INTERACTION 211 

Thus 2 plays the role of inverse of eutoff. The eonvergenee of seeond order 
amplitudes has been entirely proved. Now, let us consider an arbi t rary  nth- 

order ampli tude 

~i;  ) ---:- - - ~  I d X l . . .  dx  n ( f [  T [L w (x~).. . L~v (x.)]li> = (2.6) 
r t . J  

i,,c' [[]1 ] [ff ] -- - ;  |dXl. . .  dx,<f[T s (x) i> x <01T : exp ( -1z(x/ ) ) :  0> , 
n . j  

where l ----- 61. In order to calculate the n-point  superpropagator,  we make use 
of the HoRI's formula [14]: 

_ exp  - i  Z(xk) : =  
i#j ~Z(x~)6X(xj 

[ l ~ - q 2 4 3  n ir = e x p ,  xi) : e x p  - i ~ Z ( x k )  . 
t k = l  

Therefore 

G ( x , . . . , x n ) = ( O I T [ [ f  :exp{  l~(x)}:} 0> =exp[~---'~D£ 2 iej xj)l'l 

(2.7) 

Final ly  the ampli tude Tif ) takes the form 

T(i;) = d x l . . ,  dx  n F}p ) (X 1 Xn) • exp Ÿ  D~ (x i x/) . (2.8) 

(n Ir  is easily seen t h a t  ir Fil) behaves like 

A Fi… n) ~ as Xik --~ 0 , 

xT~ 
2 where x~k : (xi xk) ~ and n is an arbi t rary  natura l  number ,  then  the integral  

(2.8) would be convergent.  
Henee the convergence of the proposed weak interact ion theory  has been 

proved. In  the nex t  paragraph we shall consider some interest ing second order 

processes. 

In this paragraph the seeond order ampli tude for seattering 

vs -4- e -  --, vg + e-- 
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212 TRAN HUU PHAT 

is considered. The F e y n m a n  graph describing this process is given in Fig. 2. 

Fig. 2 

I t s  ma t r ix  e lement  reads 

< Vg (p2)e-(q2) l S(2) l vtt (pl)e-(ql) • = 

: i ~ dx O't, (p2)e-(q2)[ T [s (x) s (O)]]vt,(Pi)e-(ql)> efV;(x). 

Applying the  Euel id ic i ty  pos tu la te  we have 

/~ 
<v t, (P2)e-(q,) [ S(')l v t, (pl)e-(q~)> ---- - ~  M e" Fe, , (P), 

where 

and 

M~176 = ~e (q2)Y~YQ~ '~ (1 -- 9'5) u~ (qO ~~ (P2) ~'z~'7'~ (1 -- ~,~) u~ (p~), 

F~(, = i3 ~ d4xeipX x~x% /[1 (!'; mg) A 1 (r; O) exp {l---2D£ (x)} 

here r is the  Eucl idean length  and 

A 1 (r; m) = -- mK2(mr)/4rt2r 

1 
-+ for m - ~ 0 .  

2Ÿ 3 

Firs t  we suppose t ha t  the m o m e n t u m  p = ql + q2 belongs to the Euclideart  
space. Then  F~,(p) can be wr i t t en  in the fol]owing forro 
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THEORY OF WEAK INTERACTION 213 

where qZ = __ p2 > 0 and 

q dq 
+ -  

4~2f ~. 

F(q 2) = - -  drJ 1 (qr) At (r; m) A 1 (r; 0)e-  7r (3.1) 
q 

0 

Fl(q 2) ---- -~--JdrrJ  2 (qr) Al 1 (r; m) A 1 (r; 0)e-  ~ ,  (3.2) 

0 

+ -  

F,(q') = 4 zt___~2 f a, q3 d r r 2 J a  (q/ ' )  Z~i ( r ;  m )  A 1 ( / ' ;  0 ) e  - ' ~  . (3.3) 

0 

The above expression is different from tha t  obta ined in the  LANE--CItODO$' 
theory.  The integral  for Eq. (3.1) in our case is clearly convergent  as r - +  0. 

Orar main task  is to ealculate explieitely the form factor  FI,~.(~ ) given b y  
(3.2) and (3.3) in the  Euclidean m o m e n t u m  spaee and then to continue them 
analyt ical ly into the  physieal  region. 

To do this, it is convenient  to represent  Fl,~(q 2) in the following form 

+ -  

4 ~~Zfdrr-~-3Jz (qr) K 2 (mr), F~(q~)-- -~~ f dzr(-z) 
r 0 

+ -  

m____ii f dz_p(__z) ~~. f drr_~_2 js(qr)K2(mr) . Fg(q~) -- 4 ~2q3 
c 0 

Applying the s tandard  formulae [15] we have 

.J$.~ 

~ drr-~-zaJ~ (qr) K 2 (mr) 
O 

X ~F i {(1 

+ |  

= ~t,__l___m| 2~~ _r(l - z) F(-I - z) x 
25t 2J 

z, --1 --  z; 3; --  , 
m 2 

f drr-2Z-zJ 3 (qr) K2 (mr) --  

O 

r(2 - z) F(-z) x 

I q~) x 2 F 1  2 - - z  1 - z ; 4 ; - ~  . 
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214 TRAN HUU PHAT 

T h e r e f o r e  

F l ( q  ~) = 

- mi ~fdzr( ~)r(-~-z)r(~ 
25(2 ~t) . )  

c 

F~(r = 

i m i  �9 ~ ,~~,~ 
- - - -  i d z r ( - z )  r ( 2 - z )  

3 ! 2a(2  ~tg) ~ J / 2 I  
C 

- - l - - z ; 3 ; - -  m~i} 

( 3 . 4 )  

T h e  express ions  (3.4) and  (3.5) fo r  the  forro  f ae to r s  Fz,2(q ~) al low us to  p e r f o r m  
the  ana ly t i ca l  e o n t i n u a t i o n  in to  the  phys ica l  reg ion  of  m o m e n t u m .  

F a ( f )  = 

__ ~ i  tŸ ~dz/~(_z  , /~(-- l --Ÿ ( - ~ ]  2g2F 1 [1 
2 s (z ~q j 

c 

mj~ 
- - z ,  1 - -  z;  3;  , 

(3.6) 

F ~ ( f )  - 
" 2 m  ~ 2z p2 tm-1 ~dz(I'(--z))'F(2--z)(-~- I ,Fl[2--z,--z;4;-~). (3.7,  

3 ! 2  s ( 2 ~ ) 2 j  " 
C 

T h e  s ingular i t ies  of  El(pe ) occu r  a t  t he  po in t s  z = - -  1 , 0 , 1 , 2 , . . . .  A t  the  po in t  
z =  - -  1 w e h a v e  a s i m p l e p o l e ,  a t z = 0  a d i p o l e ,  a t z =  1 , 2 , 3 , . . .  w e h a v e  
t r ipoles .  T h e  pole  a t  z = - -  1 is t he  lead ing  s i n g u l a ¡  o f  Fz(p~); because  i t  

con ta ins  the  f ac to r  - . S imi lar ly ,  s ingular i t ies  a t  z = 0,1 are dipoles  o f  

F2(p2 ) and  the  lead ing  s ingu la r i t y  occurs  a t  z -~ 0; t he  r ema in ing  s ingular i t ies  
a t  z - - - - 2 , 3 , 4 , . . ,  a te  all t r ipoles .  

N o w  we eva lua t e  the  forro fac tors  Fi ,2(p 2) in the  lowest  o rde r  of  2. I t  is 
easi ly f o u n d  t h a t  

F l ( p  2) ~ - -  
mi 

�9 2~i  (Res]z=_ z ~- Reslz=0) 
2 5 (2 zt) 2 

In  o rde r  to  f ind  Res  I z= 0 we f i rs t  a ssume 
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THEORY OF WEAK INTERACTION 215 

fo l lowing e x p r e s s i o n  for  2F1 (1 z, - -  1 - z; 3; p2/m2): 

2Fx (1 z, -- 1 z; 3; x) = 

1 (1 ..... z ) ( l + Z ) x _ _  (1 - z ) ( 1 - - z + l ) ( l + z ) ( 1 - - z -  1) x Z + . . .  (3.8) 
3.1 ! 3 ( 3 + 1 ) 2  ! 

for  q < 1. 
T h e  res idue  a t  z = 0 reads  

Res[zffi 0 : 

= o,~ **F( .---,) F(--1- ,) r ( 1 - , )  [ y ]  2 1 1 - z , - 1 - z ; 3 ; - m ~  z=o 

OF 

u - *  1 1 
(u 3 - -  3u 2 -}- 3u - 1) In ( l l u  * - -  15u q- 6 ) .  

3 1 - -  u 1 S u  

Thus we  obtain  

m {-~u2 (u3--3u2-}-3u--1) ln 1-- q- FI(p2) ~ 252----~ 1 -- u 

{ 3 1 (  ~tm I [_~_) } + 18~u 1 ( l l u 2 - - 1 5 u + 6 ) - -  1 l n - ~ - + C + l  + - 2  

whe re  u = pZ/ma a n d  C is an  E u l e r  c o n s t a n t .  We  can  n o w  c o n t i n u e  a n a l y t i c a l l y  
t h e  exp re s s ion  o b t a i n e d  for  F I ( p  2) i n to  t he  p2 > m 2 reg ion .  No t i ce  t h a t  in t he  
p2 p l ane  t h e r e  is a cu t  f r o m  pz = m 2 to  in f in i ty .  

N o w  le t  us  e v a l u a t e  F2(p z) conf in ing  ourse lves  to  t h e  l ead ing  s i n g u l a r i t y  

a t  z = 0 .  

/m--1 
F~(p 2) ~ 2 :ti Restz= 0 , 

3123 (2 zt) 2 

whe re  

Reslz=~ = ~Oz z2(F(- z ) ) 2 F ( 2  .... z) [ ~ -  2F1 2 - - z ,  m2] lz=u = 

=21n-X--mm + 4 I n ( I - - u )  u" ..... 3 u + 2  _]_4 l u 11 
2 u 3 u 2 3 
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We obtain 

F~(f) 

1 { ~m - - 3 u + 2  1 - u  31 ) -- 2 In + 4 In (1 -- u) n3 
3 .! 2 3 2 ~m 2 u 3 + 4 - - u  z -- - . 

The above expression for F2(p2 ) allows us to continue analyt ical ly to the 
p z >  m 2 region. 

~e 

~e 

Fig. 3 

Finally,  the expression for Fae(p 2) of  the lowest order is as follows 

m { 4  [ 1 u3--3uZ+3u--1 ge~ In -4- 
FQa(Pz) ~ 2 3 2 xi 1 - -  u 3 tt ~ 

l l u  2 1 5 u + 6  1__ ln -~- -  + C + 1 + 
§ 18u  

1 [ ~m 
6 m 2 Pr162 2 In -k 4 In (1 - -  u)  

2 
u3--3u+2 -k4 1 - - u  1 1 1 1  . 

/g2 U 2 3 ]} 

At high energies, i.e. for Ifl >~ m2, the asympto t ic  behaviour  of FQ.(p ~) reads 

Fe~(pz ) m p 2 p 2 {  l l n  - -  g~~ + - - 2 ) p e p ~  
16 ~ m 2 m 2 12 3 m  2 

which does not  depend on the  parameter  ~. 

In  this paragraph we consider the lepton self-energy taking into account  
the contr ibut ion of weak interact ion;  the corresponding graph is shown in 
Fig. 3. 

We have 

i r  
-Ue (]9) ~~. (p)  l�91 (P) : ~ -  l e x  <e--(P) I T [~ee (x) ~ee(O)]] e--(p)> eXp [/gD ‰ (x ) ] .  

2 3  
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T H E O R Y  OF W E A K  I N T E R A C T I O N  217 

The expression for L'(p) can be represented in the following form 

X(p)  = q (p2) (1 -- ~5) 

where a(p2) is given by  

~ ( f )  = 128~ 2G2_ ~drr 2 ~' p2 j 12 (pr) [~i (r; 0)13 A 1 (r; me)e r, 

0 

This integral is clearly convergent  at a small distance. I t  is quadrat ical ly  diver- 
gent when ~ ~ 0. Now we calculate this integral by means of the  above used 
method.  The expression for a(p z) is rewri t ten  as follows 

a ( f )  - 
4 q f 

| d z l "  (--  z) ~~Zjdrr-2Z-5 [2(pr)K2 (mr) . 
zt~p j 

c 0 

Owing to the s tandard  formula [14] we have 
+~ 

f drr-2z-5 12 (pr) K 2 (mr) = 

O 

I ~2 t /"(3) 2_2Z_Sm2Z+2F(_z ) / . ( _2  z)2F 1 - - z , - 2 - - z ; 3 ;  . 
p2 m 2 

After subst i tut ing it in the expression for a(p2) we obtain 

G2ml f {_~}2z ( p2 ) 
tr(p 2) = i (2~)4Jdz(F(- -z ) )21~(-  2 z) 2F1 --z ,  .... Z--z;  3 ; ~ - ~  . 

c 

The singularities of the  in tegrand oecur at z = --2,  --1,0,1,2 . . . .  The simple 
pole occurs at z = - - 2 ,  - - 1  and the  remaining singularities ate tripoles. The 
leading singulari ty is, of eourse, z ~- - -  2.  

The approximate  expression for a(p 2) reads 

~(p2) ~ (2zt) 3 A- 1 3 - ~  " 

I n  o r d e r  t o  f i n d  t h e  m a s s  c o r r e c t i o n  for  e l e c t r o n  w e  e x p a n d  2~(p) i n  

p o w e r  ser ies  o f  jo - -  m :  

2Y(p) = 2~ 0(m 2) ~ 2~ l (m  2) (~ -- m) ~ . . .  
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f rom w h e r e  we h a v e  

or  in  t h e  f i r s t  a p p r o x i m a t i o n  

m y~3 

T h e  p a r a m e t e r  G/2 2 p l a y s  he re  t h e  role  o f  a cu to f f .  

I t  is k n o w n  t h a t  in  q u a n t u m  e l e c t r o d y n a m i c s  aH d i v e r g e n c i c s  c o u l d  b e  

s u p p r e s s e d  b y  some  r e d e f i n i t i o n  o f  m a s s  a n d  c o u p l i n g  c o n s t a n t ,  i .e .  b y  i n t r o -  

d u c i n g  a f i n i t e  n u m b e r  o f  c o u n t e r - t e r m s .  H o w e v e r ,  in  t h e  c u r r e n t - c u r r e n t  

w e a k  i n t e r a c t i o n  t h e o r y  t h i s  is n o t  t h e  case .  I n  f a c t ,  e a c h  o r d e r  o f  p e r t u r b a -  

t i o n  ser ies  i n t r o d u c e s  a n e w  k i n d  o f  d i v e r g e n c e .  F o r  e x a m p l e ,  t h e  n t h  o r d e r  

is A2('~-1) d i v e r g e n t ,  w h e r e  A is a eu tof f .  T h e r e f o r e ,  one  w o u l d  n e e d  a n  in f i -  

n i t e  n u m b e r  o f  r e n o r m a l i z a t i o n  c o n s t a n t s  t o  m a k e  t h e  t h e o r y  c o n v e r g e n t .  

I n  o u r  case ,  we i n t r o d u c e  o n l y  one  n e w  p a r a m e t e r  1 t o  m a k e  t h e  t h e o r y  

f i n i t e .  T h i s  p a r a m e t e r  c h a r a c t e r i z e s  a new i n t e r a c t i o n ,  n a m e l y  t h e  i n t e r a c t i o n  

o f  t h e  m a t t e r  w i t h  t h e  c o s m i c  f i e ld .  

Thanks are due to Prof. G. BIALKOW$KI and Dr. M. SWZCKI for their helpful eomments. 
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