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013 TI!3 CUT’-OFF I-’ARflF”ETERS IIJ T I E  BOSOIJIZRTIOIJ 
5’ECILN IQUZ 

I‘ARIMT APOSTOL, VICTOR BhRSAN AND CONSTANTIN I‘ANTZA 
Central  I n s t i r u t e  of 1’-hysics, Vagurele-Bucharest, I’G-6, 
Romania 

Abstract  Jordan‘s boson r ep resen ta t ion  and cut-off re- 
gu la r i za t ion  f o r  the one-dimensional two-fermion model 
(TFY) is  used t o  ge t  the equivalence of the model with 
the two-dimensional Coulomb gas and sine-Gordon model. 
The s c a l i n g  equat ions f o r  the coupl ing cons t an t s  a r e  
thereby obtained up t o  t he  t h i r d  order .  

I’OIIJT-SPLITTING RGGULARIZATIOIJ 

l‘he ‘Pomonaga-Luttinger model extended t o  include the backscat-  

t e r i n g l  and umklapp s c a t t e r i n g 2  i n t o r a c t i o n s  (TIT) t u rns  ou t  

t o  be an exac t ly  soluble  model f o r  p a r t i c u l a r  va lues  of the 
coup1 ing  cons tan t s within the bos on i z a t  ion approach . ’ 
ever  the cut-off parameter dc appearing i n  the boson represen 

t a t i o n 3  induces an unphysical dependence of the fermion gap 

( -  C & - ~ , & + O )  of the ?‘FIT and an  unsa t i s f ac to ry  behaviour of 

the so lu t ions  of the s c a l i n g  equat ions f o r  the coupling cons- 

tan ts.& Yoreover, the c o r r e l a t i o n  func t ions  of the TomonaGa-Lut- 

t i n g e r  model calculated by means of the boson r ep resen ta t ion  

do not  coincide w i t h  those obtained by d i r e c t  diagram summa- 

t i ~ n . ~  It seems t h a t  the cut-off parameter (X is too s t r o n g  as 

i t  leaves no room f o r  making the d i s s o c i a t i o n  between the band- 

width and momentum t r a n s f e r  cut-off. In  add i t ion ,  the unknown 

na tu re  of t h i s  cut-off parameter makes d i f f i c u l t  the comparison 

botween the c h a r g e d e n s i t y  c o r r e l a t i o n  func t ions  of the TR‘ 

How- 

7 

and Fermi gas model (g con t r ibu t ions ) .  5 lU,L 
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454 M. APOSTOL. V. BARSAN AND C. MANTEA 

It has been shown6 t h a t  the f u l l  form of the boson repre- 

s en ta t ion  and tlie cut-off r e g u l a r i z a t i o n  have been given many 

years  ago by 

son r ep resen ta t ion  and p o i n t - s p l i t t i n g  r egu la r i za t ion6  remove 

the aforementioned inconsis tencies .  In  p a r t i c u l a r ,  the 6 cut- 

off  parameter appearing i n  the  p o i n t - s p l i t t i n g  r egu la r i za t ion  

tu rns  out t o  corresponds t o  a bandwidth out-off, t he  momentum 

t r a n s f e r  cut-off parameter r being introduced i n t o  the TFIT i n  

order  t o  ensme  the f i n i t e n e s s  of t h e  i n t e r a c t i o n  contribu- 

t i o n s .  Vhen appl ied t o  the TFT' tlie Jordan bosonization approach 

should be operated by keeping r f i n i t e  and l e t t i n g  CA go t o  

zero everywhere the divergencies  brought by the i n f i n i t e  f il- 

l i n g  of the Fermi sea have been subtracted.  Doing s o  one ob- 

t a i n s  the iermion gap of the TFV proport ional  t o  r-' and not  

t o  a~ ,having thus a f i n i t e  value.  

When general ized t o  the  TR' Jordan 's  bo- 

-1 

SCALIIJG ZQUATIOIIS 

T'aking use of the 

lence between the TW' and the two-dimensional e l ec t ron  gas a 

s p e c i f i c  s ca l e  funct ion has been proposed2 f o r  the coupling 

constant g (backsca t t e r ing  s t r e n g t h ) .  Kosterli tz-Thouless 

s c a l i n g  equat ions f o r  g 1,, and glL have been af terwards gene- 

r a l i z e d  t o  the next-to-leading order  ( t h i r d  order) by assuming 

t h a t  they must acquire  the same form f o r  gl,, = glL .298 How- 

eve r , a l  though the equivalenoe with the twodimensional Coulomb 

gas s t i l l  holds, the coupling constant  g s c a l e s  with r when 

the Jordan approach is  used and one can no t  use any longer  the 

aforementioned procedure. Instead,  the e q u i n l e n c e  o f  the TF1" 

with the sine-Gordon model can be used toge the r  with tlie sca- 

l i n g  approach t o  the latter.g The aforementioned equivalence 

is  s t ra ightforwardly obtained by u s i n g  Jordan approaoh and the 
flow equations r e s u l t  a t  once : 

d- 'dependence of the gap and the equiva- 

1I 

1L 
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ON THE CUT-OFF PARAMETERS IN THE BOSONIZATION TECHNIQUE 455 

I , \  

where & = l n r  is the flow 

ian t combination 

111 

parameter. The corresponding invar- 

only s l i g h t l y  d i f f e r s  ( i n s t e a d  of the 3/2 c o e f f i c i e n t  appears 

4) from t h a t  previously 

back t o  the asymmetrical form of iCqs.(l) which do no t  coincide 

f o r  gl,, = glL. ~ s s ~ m i n g  the  coincidence tlie c o e f f i c i e n t  3/4 i n  

E q s , ( l )  changes the s ign.  IIowever the coincidence of -the f low 

equat ions f o r  g = g l L i s  a reasonable assumption when one 

d e a l s  with the Fermi gas model5 where the two con t r ibu t ions  

brought by g 1,, and glL terms have the same mathematical s t ruc -  

t u r e  : products of f o u r  fermion f i e l d  ope ra to r s ,  I n  the boso- 

nized vers ion of the Fermi gas model ( T F T ' )  the gl,, contribu- 

1L t i o n  includes products of two boson ope ra to r s  while the g 

con t r ibu t ion  is  an i n t e g r a l  over products of f o u r  exponential  

func t ions  having boson operators  i n  the expression of t h e i r  

exponents (boson r ep reaen ta t ion ) .  It seems t h a t  such d i f f e r e n t  

mathematical s t r u c t u r e s  induce d i f f e r e n t  (asymmetrical) sca- 

ling equations f o r  g 

t o  we have g 

This d i f f e rence  can be t r aced  

3 \\ 

and glL. That i s  even i f  at  some p o i n t  

(6.) = g 1U 1 1  ( c  o) the inva r i an t  given by Eq.(2) 

does no t  conserve t h i s  equa l i ty  and thus we have no symmetry 

t r a j e c t o r y  s,,,(h ) = glL(L 1. 
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