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1. I t  is well known f rom LEVINSON'S theorem [1] for  potent ia l  scat ter ing 
t h a t  the scat ter ing phase difference between threshold and infinite energies 

�91 -- 6| = ~(N .... Ne) , (1) 

where N is the n u m b e r  of the eigenstates of the total , /Ve is t h a t  of the n u m b er  
of  the  unpe r tu rbed  Hamil tonian .  Thus,  N --  Ne is the n u m b e r  of  bound  states.  
This result  cannot  be prooved for e lementa ry  part icle physics,  b u t  ir has been 
checked for several  different  models (for references see e.g. [2]). Moreover,  
general  arguments  based on the N over  D method  have also been given [3] 
explaining why  this s t a t emen t  should also hold here. All the field theoret ical  
models t r ea ted  show the characteris t ic ,  however,  tha t  the n u m b er  of inter-  
pola t ing fields is equal  to the number  of  real partictes. We wish to check the 
s t a t e me n t  in a model  in which this is not  so; in the LEE model  with ghosts. 

2. In  the LnE model with cut-off  [4] (i.e. wi thout  ghosts) the N --  O 
sca t te r ing  phase shift difference for stable V particle 

6(mo) - -  6 (co)  = O,  

showing t ha t  the ( intermediate)  V part icle can be considered as ah e lementa ry  
one. Turning to the case wi thout  cut-off  and for consistency in t roduct ing  inde- 
f ini te  metrie at  the same t ime one gets for  the invar iant  ampl i tude  [5] 

t(r = --~ ei~(~) sin 6(r -- ~tr , (2) 
k 2 h+(r 

k - -  V ~  m~,  

where h+(r is the value of the funct ion 

h(z) = a -4- bz ~- G(z) z 2, 

G(z) = f k 2 d k  
2 r - -  z) ' 
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a, b, finite parameters, on the + i  side of the cut from mo to + o~. From this, 
either by  noticing that  from (2) 

A 
ctg ~(~) -- V�91 ~ + B V ~  + Clog (�91 V ~ ) ,  

~0 
. / I + B < 0 ,  C > 0 ,  � 9 1  

m o 

or by  using the following 
Theorem: let D(z) be a meromorphie function on the eomplex z plane 

eut along the real axis from q to -~- o~. Then the value of the integral 

i _  1 f D'(z) dz 
2 ni D(z) 

C 

for the closed curve shown in the Figure is given by 

zeros poles 

where Mi is the order of the i-th zero, Ni is the order of the j - th  pole of D(z) 
lying inside C 

one gets for all the special cases of discrete, complex (two first order 
zero), or dipole ghost (one second order zero), 

Here 
6(mo) - ~  ( + o o )  _-- ~ .  

h(z) D(~o i~) _ e2i~r D(z) ~ ~ , 
z D(o~ + ie) 

(3) 

( !  ' 

I t  is worth while mentioning that in D(z) a CDD pole corresponds to 
Ne ( =  1) in (1), the appearance ofwhieh is usually associated with ah element- 
ary particle. Furthermore (3) indicates a bound state. Thus, one is inclined to 
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say tha t  the ghost is of dynamic  origin. As to which state  is dynamic  in real i ty,  
however,  cannot  be answered. This is quite clear considering e.g. the case of 
the complex ghosts. They  certainly ate t r ea t ed  on the same footing from eve ry  
point  of view. Moreover (3) indicates also the dipole ghost,  which is not  ah 
eigenstate of the to ta l  Hamil tonian.  This shows tha t  in the case of  indefinite 
metric the phase shift difference is associated not  with the eigenstates b u t  
ra the r  with the principal  l inear manifolds of the Hamil tonians .  

One can get the result  (3) for the  modified model [6] where ah ex t ra  
field also has been int roduced.  There,  one finds two CDD poles corresponding 
to the e lementa ry  fields and three states.  

The values of the renormalizat ion constants  Zi defined by  

z}/" = <01~~!E~>, 

where I Ei)  are any  of the states normal  ghost, or dipole ghost, I Zik-s are 
logari thmical ly divergent .  (We have no 0 ~< Z ~< 1). Presumably ,  this is a 
consequence of  the supposit ion tha t  the mass equat ion to a single field should 
have two roots,  which in tu rn  implies indefinite metric [7]. Anyway ,  ghost or 
no ghost, (3) indicated ah ext ra  s ta te  here as expected.  
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