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Abstract  

W e  v e r i f y  e x p l i c i t l y  a t  the one loop l e v e l  the 
m u l t i p l i c a t i v e  renormalizat ion prdgram, performed i n  an  
Abalian gauge model wit11 spontaneously broken symmetry. 
By ut i l . iz ing t h e  two parameter gauge freeqom which w a s  
introduced i n  a previous note,  the of f - ,  a s  wel l  a s  on-, 
mass-shell Green's funct ions  can be  made f i n i t e  a f t e r  
renormalization. I 
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1 1. I n t r o d u c t i o n  

In  t h i s  note ,  w e  r e p o r t  on one loop v e r i f i c a t i o n  of  t h e  
I 

1 
.- renormal iza t ion  program , performed in .  t h e  ~ b e l . i a n  gauge model 

: wi th  spontaneousl-y broken sy~nmetry .~vh.j.ch. was cons idered  i n  an 

. 8 
2 

. e a r l i e r  p u b l i c a t i o n  . 
i ; .  

I 

i . ;  While t h e  r e n o r m a l i z a b i l i t y  of  models o f  t h i s  n a t u r e  h a s  
. . 3 

1 been e s t a b l i s h e d  through genera l  c o n s i d e r a t i o n ,  e s s e n t i a l l y  " 

4 
by heavy use of  Ward-Takahashi i d e n t i t i e s  , we deem it none- 

t h e l e s s  a  mean.ingfu1 e x e r c i s e  t o  perform some low o r d e r  ca lcu-  

l a t i o n s  t o  a s c e r t a i n  t h a t .  " thi15gs go a s  expected".  

We s h a l l  c a r r y  o u t  t h e  c a l c u l a t i o n  i n  t h e  c l a s s  of  renor-  

2 , 5  . 
mal iza t ion  gauges r epor ted  e a k l i e r  . These gauges a r e  asso-  

2 I I , : , c i a t e a  w i t h  t i 1 7 0  con'iinuous parameters:  (i) x , ivhich can b e  

; i d e n t i f i e d  a s  t h e  "mass" of  t h e  gauge e x c i t a t i o n  f i e i d  v,  and 

(ii) 5 ,  a  riumorical which i n  a loose  sense  p l a y s  t h e  . . 
I 

, I  6 
I r o l e  of t h e  <-parameter o f  Lee and,  Yang . To be  more s p e c i f i c ,  
i . . 7 

: we conf ine  our  c o n s i d e r a t i o n  t o  t h e  choice  <=l and n2=rn, - i n  
. . 

t h e  t r e e  approximation, -- where m r t h e  p h y s i c a l  mass o f .  t h e  

v e c t o r  p a r t i c l e  A i n  t h e  model. v 
W e  emphasize t h a t  t h e  above cho ice  i s  made f o r  t h e  t r e e  

' . approx in~a t ion  only.  In  f a c t  t h e  major c o n t r i b u t i o n  o f  t h i s  n o t e  

i s  t o  p o i n t  o u t  t h a t  because of  t h e  two parameter gauge freedom, 

it i s  p o s s i b l e  t o  w r i t e  power s e r i e s  i n  coupl ing  c o n s t a n t s  f o r  

2  5 and tt , wi th  --.- c o e f f i c i e n t s  so  a d j u s t e d  t h a t  t h e  cp propagator  

h a s  i t s  p o l e  a t  t h e  v e c t o r  ,meson mass (rn r ) even a f t e r  renormali-  

z a t i o n .  The of f -mass-shel l  Green' s' func t ions  (such as t h e  mixed 

i 



/ 

A - 9 propagator  and t h e  longi tudina l .  p a r t  o f  t h e  A propagator )  
3 I-' v 
I can b e  made f i n i t e  s imultaneously.  

One may q u e s t i o n  t h e  n e c e s s i t y  t o  have w e l l  d e f i n e d  o f f -  

i 
i mass-shell  Green ' s  f u n c t i o n s ,  s o  long a s  t h e  S-matrix elements 

a r e  f i n i t e .  We concur wi th  t h i s  view i n  p a r t .  Iiowever,. i n  prac-  
t .  . . 

t i c e  'izrllen r a d i a t i v e  correc t j -ons ,  such a s  s e l f  energy i n s e r t i o n s ,  

! : a r e  taken  i n t o  account  i n  a probl-ein, w e l l  behaved off-mass-shel l  
1 : :  

I . Green-' s functi 'ons should f a c i l i t a t e  d ivergence  i s o l a t i o n  and 
I 

thus t h e  calcula,Li.on. 
. . 

It rernains t o  3 x 2  po.inted o u t  t h a t  we a r e  going t o  d e a l  w i t h  

only  t h e  i n f  j-l-iite p a r t s  o f  t h e .  renormalizatj-on c o n s t a n t s .  The 

f i n i t e  p a r t s  of  t h e  Ward-Takahashi i d e n t i t i e s  a r e  t h e r e f o r e  n o t  

8 v e r i f i e d  i n  t h i s  wor l~  . 
I 

The model 2.f c o n s i s t s  of a  v e c t o r  lneson A , a  scalar meson );, 
I-' 

i a  gauge e x c i t a t i o n  f i e l d  cp, and a fermion f i e l d  41.  We denote ?-.he , '  
I 
I .  l e f t - h a n d e d p o r t i o n  of  4 a s  

and t h e  right-handed p o r t i o n  a s  

A f t e r  t h e  ~ i ~ ~ s - ~ < i b b l e ~ O  mechanism h a s  been invoked, t h e  

1 g2v2A AI-L r = - l ( a  - .  a A )2 - . -  
. 4 \ p  \) v I-' 2 I-' 
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Quant i t i e s  with the  subscr ipt  r a r e  said t o  be renormalized. 

This mult ipl icat ive renormalization proyram is  regarded 

a s  successful,  i f  by adjust ing the  Z ' s ,  a l l  the  S-matrix e le-  

ments a r e  made Fini te ,  while the  pard-~akahashi  i d e n t i t i e s  re- 

main t rue.  We claim tha t ,  a t  l e a s t  a t  t he  one loop, l eve l ,  even 

the off-mass-shell Green' s functions can be rendered f i n i t e ,  

I t  cail be sh.own t h a t  for  any a r b i t r a r y  but f i n i t e  a and f3, 

z = zA, -'I2 + f i n i t e  p a r t .  
53 

1 
This d i f f e r s  from the  s i t u a t i o n  i n  the  u n i t a r i t y  gauge , T.~llich 

corresponds t o  the l i m i t  a -> where khe r e l a t i o n  i n  J22. (6 )  

i s  n o t  t rue .  . 

We introdu.ce t h e  fur ther  ns ta t ions  

Z ' s  = 1 + L ' s  I 

where the  L ' s  a r e  a t  l e a s t  of the  order of square of gr,  &. 
and f r .  

The physical masses of A ( c p ) ,  X. and $ are.  respectively.  
CI 

and 

The perturbation prescr ipt ion i s  summarized i n  the  appendix. 

111. Results . - - - '  

W e  w i l l  not s p e l l  out  the  detai1.s of the  ca lcu la t ion ,  s ince 



I 

i 
t hey  a r e  s t r a i g h t f o l ~ ~ a r d ,  t e d i o u s ,  and mostly unilluminatj .ng.  

What we have done i s  t o  e x t r a c t ,  ' t o  second o r d e r  i n  yy, - 
Jh , and f r ,  t h e  d i v e r g e n t  p a r t s  o f  a l l  t h e  r a d i a t i v e  co r rec -  r .  

t i o n  t o  ('Y,), the. two po.i.nt:, and t h e  thr -ee  p o i n t  f u n c t i o n s  J3y 

us ing  .C + 'C of t h e  appendix. Renormal izab i l i ty  then  i n t  gauge 

d i c t a t d s  t h a t  t h e s e  d i v e r g e n t  t e r m  should be c a n c e l l e d  o u t  

by t h e  corresponding ' counter .  terms i n  3, coun te r '  Note t h a t  

t h e s e  a r e  non- t r  i v i a l  requiremerits, s i n c e  t h e r e  a r e  a l t o g e t h e r  

13. 
twelve condi t ions '  due t o  (x) and t h e  p ropaga to r s  , p l u s  seven' 

13 due t o  va r ious  t h r e e  p o i n t  v e r t i c e s  . On the o t h e r  hand, 

t h e r e  a r e  twelve renormal iza t ioa  c o n s t a n t s  only .  

In  t h e '  vacuum expec ta t ion  (x) and s e l  £-energy calculatj. .on, 

t h e r e  a r e  occas ions  when we encounter  q u a d r a t i c a l l y  d i v e r g e n t  

j .ntegrals .  Although no t  necessary ,  we f i n d  it most c o n v e n i e l ~ t  

t o  d e f i n e  them by, t h e  dimension-inte.rpola. t ion techn.ique o f  

14 ' t Hooft and i7eltman . 
A l l  i.n a l l ,  we f i n d  t h a t  t h e  Eollovriny s e t  of  renorma.liza- 

t i o n  &onstpants  w i l l  l e a d  t o  t h e  va.i~ish.ing (x.) and f i n i t e  on and 

1 5  
off-mass-shel l  propagators  and v e r t i c e s  



and 

where 7"s are t h e  gamma func t ions .  
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iG Appendix. - 

We want t o  w r i t e .  down t h e  . i n g r e d i e n t s  f o r  developing a  

p e r t u r b a t i o n  s e r i e s .  I n  t h e  fo l lowing,  a l l  o p e r a t o r s  a r e  i n  

. t h e  i n t e r a c t i o n  r e p r e s e n t a t i o n .  

T h c  propagators  i n  t h e  E'eynman-"t Hooft-Stuecke1.berg 

. . gauge a 're 

and 

The i f i texac t ion  Lagrangian i s  decomposeci i n t o  k l~ree  p i e c e s  

P I  = 6: coun te r  + ' in t  
+ di 

gauge 

where 

- ' 2 
- - ( z ~  k2 + zh Zv hr vr 

'counter X r 

_-- - + ( z P  2 - i ) z , ' ( a  A )  P 2  
P 

I-' 1 2 2 )  
-+ (.zv - 1)' (,- $ all v 8 9 - 7 v , 





~ o t e  t h a t  t h e  r e l a t i o n  . 

i s  t.~:ue, which r e s u l t s  i n  vanish ing  (x) .in the '  t r e e  approxirna4;ion. 

The p e r t u r b a t i o n  s e r i e s  i s  now obta ined  by t h e  s t andard  

procedure.  
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