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O n  the  ex i s t ence  o f  the  scat ter ing  o p e r a t o r  

By Eimtn  L~r~DQVIST 

1. Introduction 

Scattering, in its most  simple form, can be described as a process during which two 
elementary particles collide. The particles are assumed to be infinitely separated in 
space both  at  the beginning and a t  the end of the process. The state at  each ins tant  
is given b y  a function y)6L2(Em). The particles interact  with a certain force V, which 
decreases to zero as the distance between the particles tends to infinity. Wi th  each 
initial state (at the t ime t = -  ~ )  is uniquely associated a final state (at the t ime 
t = ~ )  b y  means of the Sehr6dinger equat ion 

i~t~P(t ) = Hly,(t), (1) 

where H 1 is the total  Hamil tonian operator.  H 1 is defined as a self-adjoint extension 
of the operator  H 0 + V, where H 0 represents the kinetic energy and V the potential  
energy. H 0 and  V are self-adjoint. (1) describes the time development  

~(s) = e-*"(~-*)~(t) (2) 

for a state % 
One introduces a t ime-dependent  representat ion of the Hilbert  space L2(Em) so 

tha t  e~tHoy~ represents the funct ion ~p 6Le(Em). In  this representation, " the interaction 
picture",  the uni ta ry  operator  U(s, t ) :e  iH~ e - i H ' ( s - t )  e -~H~t takes a state at  the t ime 
t to  the corresponding state at  the t ime s. The operator  U has the following properties 

U(s,  t) = u ( s ,  t') u ( t ' ,  t),] 

U*(s,  t) = u ( t ,  ~). 
(3) 

Under  the assumption tha t  limt_,~ ~ U(O, t) = U(O, • ~)  exist in some sense,one defines 
the scattering operator S as 

s = u*(0, ~)  u ( 0 , -  ~). (4) 

Then S transfers an initial state to the corresponding final state. 
I n  the formal scattering theory  one assumes tha t  the wave operators U(O, ++_ oo) 

exist and tha t  S is uni tary.  A rigorous mathemat ica l  theory  for scattering was 
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