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S u m m a r y .  - -  A formula for the expansion of field operators with respect 
to products of ingoing fields is derived. The coefficients in this expansion 
are the retarded functions introduced earlier. They fulfil a system of 
equations which turns out to be not only a necessary but  also sufficient 
condition for such functions to yield a local field operator. 

W e  discuss  some consequences  of ~ r ecen t  f o r m u l a t i o n  of q u a n t i z e d  f ie ld 

theor ie s  b y  m e a n s  of r e t a r d e d  p r o d u c t s  (1). F i r s t  we de r ive  a f o r m u l a  for  t he  

e x p a n s i o n  of field ope ru to r s  w i th  r e spec t  to  p r o d u c t s  of i n c o m i n g  fields which  

is n o t  r e s t r i c t e d  to  p e r t u r b a t i o n  t heo ry .  The  fo l lowing  sec t ion  con ta ins  a 

s y s t e m  of equa t i ons  for  t he  r e t a r d e d  func t ions .  I t  serves  to  s t a t e  neces sa ry  

nnd  suff icient  cond i t ions  for  these  func t ions ,  so t h a t  t he  gene ra l  p r inc ip les  of 

field t h e o r y  are  fulfi l led.  Our  resu l t s  a re  vMid  on ly  for  theor ies  w i t h o u t  s t a b l e  

b o u n d  s ta tes .  F o r  t he  l a t t e r  case we refer  to  a p a p e r  b y  57ISmJI~A (2). 

(1) H. LEHMAN:N, K. SYMA~ZI!~ and W. ZIMMEtCMAN:N" ~UOVO Cimento (in press). 
In the following quoted as LSZ II .  

(2) K. NISHIJIMA: to be published. 
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1. - Expansions with respect to incoming fields. 

HAAG (3) has shown under  very  general assumptions tha t  a field opera tor  
A(x)  m a y  be expanded  in the following manner :  

(~) A(~) = ~(k~ + ~ ) A ~ ( k )  + ~ & [dk, ... ak ~ ! k  - Z k~) . 
~.2 n ! J 1~ ~" ~- m ~" - -  isko 

�9 g(k~, ..., k~) ~(k~ Jr- m ~) ... ~(k 2, + m~): A~,,(k,) ... A~n(k,,) 

A(k)  denotes the Fourier  t rans form of A(x): 

(z) A(x)  = ~ j d k  exp [ + ikxJA(k) . 

The function g(k~, ..., k~) are defined only for k ~ - m 2 =  O. We sh~ll de r iv ,  
such an expansion using only the  asympto t i c  condition a t  t - - - - -  co. Haa.g'~ 

functions g(k,, ..., kn) tu rn  out  to be closely related to the re tarded tunctions (~) 

(3) 

I r(x; x~ ... x~) = (f2, R(x;  x~ ... x~)L)) ,  

l R(x;  x~ ... x~)= 

= (-- i) ,  ~ O(x --  x~) -- O(x,_~ - -  x,.)[...[A(x), A(x')] ..., A(x~)].  

We note first t ha t  any  linear operator  L, opeyating in the Hi lber t  space 
�9 ( 

of the basis vectors {r ~llows the expansmn ~ (4) 

(4) 

�9 ~(k~) ~(k~ + m ~) ... ~(k,,) ~(k~, + m~)" A,,~(k ) ... A~(k~):~ 

since bo th  sides of this relation coincide for a rb i t ra ry  ma t r ix  elements of 
qt.. .qk the sys tem {g~o }. In  the par t icular  case tha t  L is the field operator  A(x)  

terms with n----0, 1 are given by  

(9, A(x)~) = O, 

(@(9, [A(x), A;~(k)] 9) ~(~) ~(k~ + m 2) A i n ( ~  ) ~ -  A i n ( X  ) . 

(3) R. HAAS: Dan. Mat. Fys. Medd., 29, 13 (1955). 
(4) The infinite sums in (4) and (5) do not lead to problems of convergence, since 

all matrix elements with respect to incoming states have only a finite number of non- 
vanishing terms. 


