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Because o f  these vesy i n t e r e s t i n g  aspects o f  t h i s  gauge f i e l d  

theory, we present below the study o f  the  i n t e r a c t i o n  between t h i s  f i e l d  

and the charge sca lar  one. We a lso  present, us ing  r a d i a t i v e  co r r cc t i on  

t o  order e 2 ,  propagators and ve r t i ces  o f  t h i s  theory and the importante 

o f  the gauge f i e l d  mass i n  these cor rec t ions .  Now we would l i k e  t o  poín t  

o u t  t h a t  the study o f  the three-dimensional theory i s  motivated by t h e  

connect ion Isetween t h i s  theory and a four-dimensional one a t  h igh tem- 

perature . 
The r e s t  sf the papet- i s  d i v i ded  as fo l lows:  i n  sec t ion  2, we 

introduce the  Lagrangian densi ty o f  t he  system and c i t e  some i t s  c l a s s i -  

c a l  and quantum p rope r t i es  a t  the th ree  l e v e l .  In sec t i on  3 ,  we make 

r a d i a t i v e  co r rec t i ons  a t  one loope t o  t he  propagators and v e r t i c e s  o f  

t h i s  theory, and we show how these co r rec t i ons  a re  photon-mass-dependent. 
Fi We show t h a t  i n  the  l i n e a r  gauge f i e l d  ve r tex  ( j  A ) a new t e r m  ar iseã 

Fi 
f rom the one due t o  Ghern-Slmons, and kow t h i s  term behaves by 

transfosmations. I n  sec t i sn  4 we present the sumrnary and discusslon. 

2. THE SYSTEM AND SOME PROPERTIES 

Pn the P i r s t  p a r t  o f  t h i s  s e c t i s n  we present thephysical  system 

and some o f  i t s  proper t ies  a t  the e lass i ca l  l e v e l .  The second p a r t  t reats 

t he  quantum diagrams a t  tree-leve1 on l  y. 

i - General Proper t ies  

Scalar Electrodynamics i n  the  three-dimensional space- time i s  

described by t h e  fo l l ow ing  Lagrangian dens i t y  

where 
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The metr ic  tensor i s  g = diag ( I  ,-I , - I ) .  
1-1v 

The coupl ing constants "e" and "A" have dimensions (mass)''2and 

(mass) ' respect í v e l  y .  

Under a gauge transformat ion 

the  Lagrangian densi t y  changes by a t o t a l  d e r i v a t i v e  

By p a r i t y  P and time- inversion r t ransformations,  the  gauge and scalar  

f i e l d  change 
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We can see t h a t  except f o r  the topological  mass term (*I 

a1 1 terrns i n  eq. (2.2a-c) a re  i n v a r i a n t  by P and T. 

The equations o f  motion o f  our system are  

Applying i n  eq. (2.6a) the  d e r i v a t i v e  operator c'6aa6 we o b t a i n  

(2.7) 

where *Fh i s  the dual f i e l d  strengh, *F' = E ' ~ ~ F ~ ~ ~  which ir a vec tor  

ira tkeee dimensions. Uf the system (2.7) prssents spontaneous s yrnmet r y  

breakdown, we Iiave 

in8 
@(r) = a f(r) 

w i t h  

r(.) -m (2.8b) 
r -tm 

where m2 < O.  I n  t h i s  case, we can see f rom eq. (2.7) t h a t  the  gauge f i e l d  

e x c i t a t i o n  acquires mass by two d i f f e r e n t  processes: by the  topo log ica l  

. This system prerents vor-  term, u2, and by the Higgs f i e l d ,  - 4 - 
t i c e s  conf igura t ions  w i t h  e l e c t r i c  charge 

(*) There i s  an analogous term, the Chern-Simons term, whichmaybe added 
t o  the  a c t i o n  o f  any non-Abelian gauge theory i n  a space o f  oddnumberof 
dimensions. This term i s  topo log ica l  i s  character .  Because o f  i t s  s imi -  
l a r i t y  t o  the Chern-Simons t e m ,  the  Abel ian term LFi i s  f r equen t l y  re-  
fer red t o  as Chern-Simons term t o ~ .  I n  the  th ree dimensional space t h i s  
term i s  quadrat ic  i n  the  gauge f i e l d  g i v i n g  mass f o r  i t .  
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and f i n i t e  energy4. 

i i  - Quantization 

The quantization of the system (2.1) i s  given by the following 

functional generator 

The propagators, t o  zero order i n  perturbatíon theory, a r e  

( ~ e  can see that  the vectorial boson f ield propagator presents a pole a t  

P2 = y2.a i s  a gauge parameter. For a=I we have the Feynman gauge and for 

a=O the Landau one).  

, The system presents three different vertices: one linear i n  the 

gaugefield,  o n e q u a d r a t i c a n d a n o t h e r q u a r t i c  i n  t h e s c a l a r  f i e ld ,  as 

represents by the diagrams below. 



Revista Brasileira de Física, Vol. 17, n? 1, 1987 

and  

3. QNE LQOP CQRRECTION 

In this section we calculate the corrections to the propagatorã 

and vertices of thiâ theory; we do it to order e Z  i n  perturbation theory. 

In this work we want to find out how the topological mass term modifies 

the corrections, the new terms that arise, and how these mwterms behave 

by the discrete transfoamationâ P and T. For this reason we put, on pur- 

pose, the coupling constant X = O. We split t h i s  s e c t i o n  into twa parts: 

i n  ths FIrs? we wlPP caleulate the eorractisnã ta the prepagators (in 

t h i s  part we w i l l  find two diagramã, the vâcuum polarlmatisn and self- 

-energy), i n  the secoRd part we w011 calceilate ths corsect i ons to the 

vertlees. 

I .a) The Photon Propagator 

The phaton propagator at tree leve1 i s  given in eq. (2.10a). 

And the correction will be given below 

The vacuum polarization tensor, i n  the one loop approximation, is given 

by graphs of the f ig.  I .  

Fig.1 - Vacuum polarization graphs. 
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where 

and 

The in tegra l5  above are  1 inear l  y and l o g a r i  thmical 1 y divergent. 

The logar i thrnic divergence does not a r i s e  because o f  s y m m e t r i c  in te-  

g ra t  ion, but  t h e  1 i near one rernains and; by dimens ional  arguments, we can 

see tha t  it wi l l  be propor t iona l  t o  the me t r i c  tensor g This d iver -  
VV ' 

gence, i n  the  vacuum p o l ~ r i z a t i o n ,  i s  not  gauge invari.ant and can be re- 

moved by any gauge inva r ian t  regu la r i za t i on  procedure. We use the Paul i -  

-Vi . l lars r e g u l a r i z a t i o n  i n  t h i s  work. The dirnensional regu la r i za t i on  can 

be used too .because' terms i n  epsi lon, which have not  a di rec. t  general- 

i z a t  ion t o  cont  inuous dirnens ions, do not appear here. Evaluat ing eq. (3.3, 
a n k i n t e g r a l s  (3.3a,b)'we obtain:  

where A i s  a c u t - o f f  and 

the t ransverse p r o j e c t  íon operator. 

The Paul i - V i l  l a r s  regular ized tensor. IT (p) i s  given by 
liv 

which i s  gauge inva r ian t  wi thout t he  iso la ted g term. 
VV 
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where 

(The sane r e s u l t  i s  a l s o  o b t a i n e d  us ing  dimensional r e g u l a r i z a t i o n ) .  

We can observe t h a t  ~ ( p )  vanishes a t  p2=0 ,  so t h e  vacuum p o l a r -  

i z a t i o n  t e n ç i r  i s  n o n- s i n g u l a r  the re .  I n  t h e  above approx imat ion ,  we çee 

t h a t  t h e r e  does n o t  a r i s e  any te rm i s  e p s i l o n ,  w h i c h  i s  odd by P and T 

t ransforrnat ions.  Recen t l y  S.Coleman and EI.~ill' have shown t h a t  f o r  a  

ve ry  general form o f  E lect rodynamics t h e r e  a r e  no more c o r r e c t i o n s  t o  t h e  

t o p o l o g i c a l  mass te rm beyond t h e  one-loop one. For t h i s  reason, we con- 

c lude  t h a t  t h e  t o p o l o g i c a l  mass term i s  n o t  m o d i f i e d  i n  o u r  system. 

1 .b) Scalar  Boson Propagator  

The c o r r e c t e d  s c a l a r  boson propagator  i s  

The se1 f- energy C ( p )  i n  t h e  one loop  approximat i o n  can b e  o b t a i  ned by t h e  

graphs i n  f i g o  2. 

F i  g  .2 - Se1 f- energy graphs . 

and 

8 
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and 

The i n teg ra l  (3.8a) presents l i n e a r  and logar i thmic  divergences. 

The l oga r i t hm ic  one disappears and the  l i n e a r  one i s  gauge dependent (a- 

-dependent) and can be e1 iminated us ing  the  Landau gauge ( a  = O ) .  The 

i n teg ra l  (3.8b) i s  1 inear l  y  d ivergent ;  t h i s  divergence can be removed by 

P a u l i - V i l l a r s  regu la r i za t i on  procedure. 

The sca lar  boson's sel f- energy i s 

The 

1 a r  

terms I~(p ,m,p)  a r e  two lengthy express 
2 

i z e  eq. (3.8) we have two p o s s i b i l  i t i e s :  

ions given below(*). To regu- 

i f  we use a massive sca lar  

f i e l d  as regu la to r  one we ob ta in  an expression w i thou t  divergence andthe 
I 

l inear I I term (these two terms come f rom eq. (3.3b) wh ich  i s  indepen- 

and 

[m {I, where a = 
(m2-p2-p2) 2 

12(p,m,p) = 2 + Ja l og  - 
4p2v2 
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- 
dent  o f  t h e  s c a l a r  mass f i e l d ) ,  b u t  a  new term a r i s e s :  eZp'/(4~rdp2).~sing 

A  massive vec to r  f i e l d ,  a  new d i v e r g e n c e  a r i s e s  which i s  p r o p o r t i o n a l  t o  

t h i s  mass, a21hI1/.rr. I n  t h i s  second case  we must add t o  t h e  o r i g i n a l  

Lagrangian d e n s i t y  a  c o u n t e r t e r m  i n  s r d e r  t o  remove t h e  d ive rgence  i n  

t h e  se l f - energy .  (Again, i f  we use  t h e  dirnensional r e g u l a r  i z a t  ion,  we 

o b t a i n  f o r  C ( p )  t h e  same express ion  g i v e n  i n  eq. (3.8) wi  t h o u t  a  d i v e r -  

gen t  t e m ) .  

2 )  V e r t  i ces  

Th is  theory p resen ts  two k i n d s  o f  v e r t i c e s :  1 i near  and quadra t i c  

i n  t h e  gauge f i e l d .  Here we w i l l  t r e a t  t h e  l i n e a r  v e r t e x  and a f t e r w a r d s  

we make some coments about t h e  q u a d r a t i c  one. I n  t h e  c a l c u l a t i o n  o f  t h e  

diagrams r e l a t e d  t o  t h i s  v e r t e x ,  we w i l l  use t h e  Landau gauge aga in .  

The one loop c o r r e c t i o n  t o  t h e  l i n e a r  v e r t e x  i s  g i v e n  by t h e  

graphs o f  f i g .  3 

F ig .  3 - C o r r e c t i o n  graphs t o  t h e  v e r t e x  f u n c t i o n  A 
!J. 

where 
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and 

The in tegra ls  above are f r ee  o f  divergences. The logari thmic 

one disappears by symmetric integrat ion. Thus, these d i agrams do not  

require a regular izat ion procedure. 

I n  the (proper) vertex funct ion ca lcu la t ion there ar ises a terms 

which has an abnormal pa r i t y .  This term i s  related t o  the èps i lon termin 

the photon propagator which, as we know, i s  associated w i t h  an odd - P  
term i n the Lagrangian. From eq. (3.1 l a )  we have 

where 

(3.12b) 

and the f o t s  represent. the terms o f  normal par i ty. 

I n  sp i t e  o f  t h i s  anomalous term Ward's iden t i t y  i s  mantained, 

because the term i n  eps i lon vanishes i n  A (p,p) 
1.i 
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For the quadra t ic  vertex there a re  many graphs which a re  given 

i n  f i g .  4.  

F ig .  4 - Correct ion graphs t o  the  ver tex  func t i on  A 
!Jv' 

I n i t i a l y  we can see tha t  a11 these graphs a r e  f i n i t e  and canbe 

obtained by combinations o f  the l i n e a r  and quadra t ic  v e r t i c e s  given i n  

eqs. (2.1 I a -b ) .  I n  t h e i r  ca l cu la t i on ,  many con t r i bu t i ons  a r i se ,  some o f  

them, which a re  propor t iona l  t o  the g tensor c o r r e c t  the  quart ic ver tex  
P V  

i n  the  usual way, bu t  new k i  nd o f  terms proportaonal t o  t he  epâi l on  ten- 

âor a l s s  a r i se .  These terms, as we can see, come from the a x i a l  term i n  

the  pheton propagator. We omit  the lengthy ewpressions f o r  these correc- 

t i ons .  

4. SUMMARY AND DiSCUWOPJ 

We saw i n  t h i s  work how the topo log ica l  mass term contr ibutes,  

t o  order e", i n  t he  co r rec t i on  t o  the diagrams o f  sca la r  electrodynamics. 

I n  t he  vacuum p o l a r i z a t i o n  and boson's sel f- energy,  t he  a x i a l  p a r t o f  the 

photon propagator does not  lead t o  any new term, bu t  i n  the  v e r t i c e s  

funct ions these do a r i se .  I n  the s p e c i f i c  case o f  the l i n e a r  ver tex  func- 

t l ~ n  A1-i(p,P'), i t  was shown expl i c l t y .  I t  was no t  poss ib le  f o r  us toob-  

t a i n  an exact  expression f o r  the i n teg ra l  (3.11b). Nevertheless, f o r  a 

s p e c i f i c  choice f o r  the parameters, we can o b t a i n  t h i s  i n teg ra l  and ver- 

i f y  t h a t  t he  c o n t r i b u t i o n  t o  A given i n  eq.(a. lêa) i s  no t  zero. 
1-i 
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Resumo , 

Estudamos a interação ent re  um campo escalar carregado e um cam- 
po de gauge d e f i n i d o  num espaço-tempo tr i- dimensional .  Adicionamos ao 
sistema o termo de massa topolõgica (termo de Chern-Simons), o- qual é 
ímpar por transformações P e T , e investigamos como as correçoes aos 
propagadores e vé r t i ces  da teo r ia  são modif icadas por es te  termo. Estas 
correções são obt idas a t é  ordem e2 em t e o r i a  de perturbação. Na corre- 
ção ao v é r t i c e  l i n e a r  da teo r ia ,  surge um novo t i p o  de termo. Apesar 
deste novo termo, que decorre do termo topológico,  apresentar paridade 
anormal, a ident idade de Ward é ainda preservada. 


