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Abstract We argue t h a t  t h e  parameter r e l a t e d  t o  t h e  s i z e  o f  t h e  compac- 
t i f i e d  dimensions i n  a Polyakov Bosonic s t r i n g  moving i n  thegroup mani- 
f o l d  W(2) s a t i s f  i e s  an asympto t i c  f reedom law, thus impl y i n g  the  e x i s t -  
ente o f  a mass gap i n  t h e  above mentioned s t r o n g  theory.  As a r e s u l t  we 
show t h a t  t h e  i n t e r n a l  s i z e  o f  t h e  group m a n i f o l d  i s  f i x e d  by quanturn 
dynamical e f f e c t s .  

Recent ly ,  t h e  a n a l y s i s  o f  Kaluza-Kle in s t r i n g  t h e ~ r i e s " ~ ' ~ ' ~  

has become an impor tan t  i ssue  i n  t h e  c o n s t r u c t i o n  o f  grand u n i f i c a t i o n  

s t r i n g  t h e o r i e s s s 6 .  

Fundamental p o i n t s  i n  those grand u n i f  i c a t i o n  s t r i n g  t h e o r  i e s  

a r e  the  ques t ions  o f  e x i s t e n c e  and o f  s i z e  o f  i n t e r n a l  compac t i f i ed  d i -  

mensions. 

I n  t h i s  comment we aim t o  remark t h a t  the  r a t i o  b e t w e e n  t h e  

Regge s lope parameter and t h e  r a d i u s  o f  the  group man i fo ld  O(2) i n  the  

s i m p l e s t  Ka luza- K le in  s t r i n g  theory ,  a Polyakov bosonic  s t r i n g m o v i n g  i n  
D R x S O ( ~ ) " ~ ,  s a t i s f i e s  an asympto t i c  freedom law. On t h e  b a s i s o f  t h i s  

r e s u l t  we show t h a t  t h e  i n t e r n a l  s i z e  o f  50(2) i s  n o t  f i x e d  b u t  i t  i s  

determined by a i n t r i n s i c  parameter.  

L e t  us s t a r t  ou r  s tudy by c o n s i d e r i n g  the  c o v a r i a n t  s t r i n g  ac- 

t i o n  f o r  t h e  c o m p a c t i f i e d  dimension: 

where {$(C))  denotes the  s t r i o p  v e c t o r  p o s i t i o n ,  igd(b(S)I t h e  i n t r i n s i c  

m e t r i c  f i e l d ;  h(E)  t h e  a u x i l  i a r y  Lagrange m u l t i p l  i e r  f i e l d  irnplementing 

the  c o n s t r a i n t  t h a t  the s t r i n r j  moves i n  an 0(2)  group m a n i f o l d   anda'/^^ 
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i s  the  r a t i o  between the  Regge s lope parameter and t h e  r a d i u s  o f  the  

group m a n i f o l d  0 ( 2 ) .  

Our s t r a t e g y  now w i l l  be t o  cons ider  the  r a t i o  B = a'/~' as a 

theory  coupl  i n g  cons tan t  and then determine i t s  renor rna  1 i z a  t i o n  group 

law. 

As a f i r s t  s tep  we i n t e g r a t e  o u t  t h e  spherical v e c t o r  p o s i t i o n  

{$(E) 1 and o b t a i n  an unrenormal i zed  e f f e c t i v e  a c t i o n  i n  terms o f  t h e  

aux i  1 i a r y  f i e l d  A(<) .  

1 a' 
sEFF B(<) ,Crab(<)] = + - 2 l o g  DETF (-A + - A) 

$7 

I n  o r d e r  t o  analyse t h e  counterterrns o f  the  above w r i t t e n  e f -  

f e c t i v e  a c t i o n ,  we d e f i n e  the  unrenormal ized f u n c t i o n a l  determinant  i n  

eq. (2)  by a p roper- t ime r e p r e s e n t a t i o n 7.  Expl i c i  t l y :  

EFF 
Now i t  i s  w e l l  known t h a t  t h e  counter terms o f  S p ( 5 )  ,g,b(E)] a r e  de- 

termined by t h e  asympto t i c  expansion o f  the  d iagonal  p a r t  o f  t h e  oper -  

a t o r  i n  eq. ( 3 ) ,  which i s  t a b u l a t e d 8.  

a' 
Lim < < ~ ~ X ~ ( - T ( - A ~  + - A ) ) [ < >  

!r%+ R2 

S r b s t i t u t i n g  eq. ( 4 )  i n t o  eq. ( 3 ) ,  we ge t  s t r a i g h t f o r w a d l y  

coun te r te rm assoc ia ted  t o  t h e  c o u p l i n g  cons tan t ,  namely 

(4)  

the  

(5) 

where 

a t  i o n  

158 

E i s  an u l t r a v i o l e t  c u t o f f ,  

So, on the  b a s i s  o f  eq. (5) we have t h e  f o l  l ow ing  r e n o r m a l  i z -  

law f o r  t h e  c o u p l i n g  cons tan t  6 
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and standard r e n o r m a l i z a t i o n  group arguments g i v e  i t s  momentum d e p e n-  

Equat ion (7) y  

s a t i s f i e s  an asympto t i c  

phase space wh ich , in  t u  

X ( p 2 )  i n  t h e  t h e ~ r ~ ' ' ' ~  

ieds t h e  f a c t  t h a t  the  i n t e r n a 1  s i z e  f3 = ' a ' / ~ '  

freedom law i n  the  i n t r i n s i c  s t r i n g l s  e n e r g y  

r n  s t r o n g l y  suggests t h e  e x i s t e n c e  o f  a  mass gap 

s a t i s f y i n g  the  c o n s t r a i n t  

T h i s  i s  our  main r e s u l t :  t h e  i n t e g r a l  s i z e  f o r  a bosonic being 

compactified to the M-Tori 
M 

i s  n o t  a r b i t r a r y  b u t  i t  i s  f i x e d  by t h e  new p u r e l y  i n t r i n s i c  ( d i m e n -  

s i o n l e s s )  parameter.  It i s  i n s t r u c t i v e  t o  p o i n t  o u t  t h a t  the  e x i s t e n c e  

o f  t h e  parameter signals t h e  w e l l  known dynarnical b r e k i n g  b y  q u a n t u m  

c o r r e c t  i ons  o f  t h e  s  t r i ng s  two dimensional conforma2 g~oup'  O. 

P a r t  o f  t h i s  work was done w h i l e  v i s i t i n g  t h e  Rome U n i v e r s i t y .  
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Resumo 

Mostramos que a razão e n t r e  o parâmetro de i n c l  inação de  Regge 
e o r a i o  da var iedade  ~ 0 ( 2 )  para um s t r i n g  bosÔnico de Polyakov moven- 
do-se em x so ( 2 )  s a t i s f a z  uma 1 e i de renorrnal i zação levando a um com- 
portamento de l i b e r d a d e  a s s i n t o t i c a .  Este resu l tado ,  por  sua vez, suge- 
r e  que a razão acima mencionada é f i x a  pe la  dinâmica quân t i ca  bidimen- 
s i o n a l  do s t r i n g .  


