
IL ~NUOVO CIMENTO VOL. 48A,  N. 3 1 Dicelnbre 1978 

Erratum to the  paper ~ Impact  Parameter  Expans ion  of  Fields ~. 

5I. Hvszkir 

Central l~esearch Institute ]or Physics - Budapesl 114 I).O.B. 49 

(Nuovo Cimento, 36A,  187 (1976)) 

In the indicated paper a computation error has been committed, therefore, 
sect. 4 should be replaced by the present one. 

4. - Expansion of the Dirae field. 

The Dirae field can be decomposed into ((good ~ and <~ bad )~ components according 
to ~p(x) = W(x) ~- ~-(x) with 

1 + % 1 --% 
(4.1) W + (x)--  W(X), ~-(X)-- W(x). 

2 2 

In terms of these components the I)irac equation takes the form 

( 1 0 )  
(4.2) 2i -- W~-(x) =: ~ x  ~ -~- 

i k 8 ) 
(4.3) 2i ~ _  ~p-(x) = ~ o~ ~ -]- m[I ~fl+(x) (k = l, 2). 

Only the first of these equations is an equation of motion, because this contains a deriva- 
tive with respect to t ime x ~ and, correspondingly, only W(x) is considered as a dynamical 
variable. Equation (4.3) determines the subsidiary quanti ty ~p-(x), provided some 
boundary condition, e.g. ~p-(x)-+O as x - - ~ - - c ~ ,  is imposed. Then the equation of 
motion directly for ~p~(x) can be obtaincd by eliminating ~-(x): 

(4.4) i - -  ~ ( x )  = dy- ~+(x ~, y-, x) . 
~x + 4 \~x 2 ] 

- - r  
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3 9 2  ~i. HuszA~  

In  order  to find impac t  pa rame te r  states,  the  genera tors  of the  Lorcntz  group are 
represented  in the  form of a sum of orbi ta l  and spin par~s: 

(4.5) M ~  = M~? + M ~ "  , 

spin - -  where  M~'~ is the  genera to r  used ear l ier  for the  scalar  field and M~, --  (i/4) [~., ~v]. 
In  wha t  follows Gcll-Mann's  represen ta t ion  of y-matr ices  will  be used:  

(0 :) (0 0) (: o) (o :) 
7~ = , ~.1 : : , 72 = , ?,a = . 

a a - -  i ( ~ .  2 i a  1 a a 

I t  has  the  advan tage  t h a t  good (bad) components  are  t he  two upper  (lower) components  
of spinors. 

According  to (4.5), the  opera tor  of the  i m p a c t  p a r a m e t e r  is also composed of orb i ta l  
and spin par t s :  

B k ~- - -  B~ r b +  B~ "I (k : I ,  2) , 
# p 

where 

or in p-space  

and 

X -  
B ~ r b =  i -  - -  X k ~, ~ +  

8 
B ~ : i 

~p~ 

(~ ~ (: 1 1 ~ 1 1 z 
B ~ l ~  = ~ ( - - i ~  1 + 2:2) = - , B~2 ~l~ - -  ( i a  e + X1 )  = - . 

/a 2 p  # 

Therefore ,  in p-space  the  spiuors ~ sat isfy 

~ ) orb " (4.6) ,i~2o- ~ + B~ pln yJ = (b~ -~- b~ 'n )~ .  

The  solut ion can be found by the  ansatz  ~ = ~Z, where  ~ Ta,b is the  orbi ta l  
pa r t  of impac t  pa rame te r  s ta tes  and Z is some bispinor. I t  follows then  t h a t  Z has  
t he  form 

Z = cxp [ - - i b ' ~ ' n p ]  exp [iB'~inp] Zo, 

where  Zo is again some bispinor. Fur ther ,norc ,  we have  the  e igenvalue  equa t ion  (2.5) 
for t he  spin projec t ion  w- /p- .  This  can be expressed as 

w-  1 
(4.7) - 2:3--( B ' ~ ' ~ •  

p -  2 
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Thus  the  spin par t  of e igenfunet ions  takes the form in p-space 

p~ q- ip~ ) 
Za,~,,b= exp [--ib'~'~p] m, - - -  - - ,  I, 0 , 

/x 

1 
for a =  - [ - - ,  

2 

pl __ ip~. ) 1 
Za,~,b= exp [--ib'P~~ , --~r~, O, 1 , for a = - - - .  

/, 2 

Thesc states are normalized according to 27 .=  2m. Wi th  this  the posi t ive-energy 
a =-: ~ e igenfunct ions  in x-space can be wr i t ten  as 

(4.8) ~,~,~(x) = 

= (2~)-J m, ~ + ~ , 1 [-- ipzx~] exp [--  ip(b ~ + b6P'~)] d'Zp , 

and  a s imilar  expression for the  a = - - e  t- component .  Therefore, in the  scalar  eigen- 
funct ion  as given by  {3.4) b should be replaced by  the  to ta l  impac t  pa rame te r  
bt~ b~ b'~'~'L The spinor  pa r t  as given above can  be wr i t ten  as 

(4.9) 

,p = v,~,,,,~(x) \ ~, \ i  ~ + -~x~ ' l ,  O) total ~,b (x), 

- - m ,  0, l /  total ~ , b  (X). / 

For  the  negat ive-energy par t  the  complex conjugate  ~,b(x)  is needed.  
Expans ion  of ~ ( x )  now reads 

dtt f d2b ~ (a(#, b, a) ~a ~ b(x) -7 dr(It, b, a) ~a,~,~(x) ) , v ' q ~ )  = ~ , , 

J ~=*�89 
o 

where a(tt, b, ~) absorbs a part icle  and  dt(tt, b, a) emits  an ant ipar t ic le  wi th  energy it 
and  impac t  pa ramete r  b. The ~ indicates  tha t  the  complex conjugate  of the  corre- 
sponding ~,,b(x) should be taken.  The good component  satisfies the  following equal-x + 
a n t i c o m m u t a t i o n  re la t ion:  

{~+(x), [~+(y)]t}x+=y+-- 1 + a3 ~(x- - -  y y 2 ) ~ ( x - - y ) ,  
2 

where * denotes the ad jo in t  spinor. 


