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I n  t h i s  note we ca lcu la te  the magnetic moment form fac to r  f o r  the muon, 

according t o  a recent ly  proposed model o f  lepton s t ruc tu re .  

Nesta note, calculamos o f a t o r  de forma do momento magnético do muon, 

de acordo com um modelo recentemente proposto para a es t ru tu ra  do 

1 epton. 

1. INTRODUCTION 

I n  t h i s  note, we ca lcu la te  the muon magnetic moment according t o t h e  mo- 

de1 o f  lepton s t ruc tu re  whi ch has been recent l  y proposed1'2'3. 

The basic feature o f  t h i s  model i s  t o  consider leptons and hadrons onthe 

same leve i ,  since they are both observables. As hadrons seem t o  be com- 

posi t e  o f  quarks, a quark s t ruc tu re  f o r  the leptons ( e , ~ )  wi t h  the i n -  

c l  us ion o f  neutra 1 leptons , was suggestedl. 

I n  order iro account- f o r  the non-observation o f  such i n te rac t i ons  a t  the 

known enei-gies, i t was then proposed2 t ha t  the neutra1 leptons are hea- 

vy and the t  the charged leptons may i n t e r a c t  w i t h  mesons according t o  a 

Lagrangian which has a mixture o f  sca lar  and pseudoscalar couplings, o f  

the type: 

* wi t h  a f e l  lowship o f  CNPq 



L 1 = gl ('(1 + Y ~ ) L ~ ~ ~ -  + t l 0 ( l  - y 5 ) e  n+ + u-(I +.I~)L~~x- + 

+ t2& - y5)u$1 

where, 8 des igna t ing  a  m i x i n g  angle 

Lle E L cos 8  + L s i n  0  
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E L cos e - . L28 2 L1 s i n o  

and 

Another p o s s i b l e  i n t e r a c t i o n ,  o f  a  v e c t o r - a x i a l  v e c t o r  character ,  i s  (we 

wi 11 d iscuss i t i n  another  paper) 

where gl and g2 a r e  the respec t i ve  c o u p l i n g  constants .  

As the  exper imenta l  va lue  o f  the muon magnetic moirient i s  known w i t h  i n -  

c reas ing  accuracy4, and agrees very w e l l  w i t h  the  t h e o r e t i c a l  c a l c u l a -  

t i o n s 5 ,  we s h a l l  use t h i s  resu l  t t o  es t imate  a 1;tder bound t o  the mass 

o f  t h e  heavy leptons. 

We s h a l l  cons ider  o n l y  the  general form f o r  L I  and add the  s in8  andcos8 

f a c t o r s  i n  t h e  end. 

2. THE CONTRIBUTION TO THE MAGNETIC MOMENT FROM A 
SCALAR-PSEUDOSCALAR INTERACTION 

I n  t h i s  s e c t i o n  we consider  .the c o n t r i b u t i o n  o f  the f i r s t  i n t e r a c t i o n  

( I ) .  The n o t a t i o n  i s  taken over  f rom Bjorken-Dre l  1 7 .  



The graph t o  ca lcu la te  i s  indicated i n  f i g .  1 

Using the well-known proper t ies  o f  D i rac 's  matrices 

( 1  - y5) = O  

{yFi , y5 I+ = 0 

the S-matrix o f  t h i s  graph i s :  

s = e s2 2 1 K(1 - y5) - 1 
f (2 d4 k2 - M: (Pi-k)2-m2K 

a - 2kQ 1 Aa (pia + Pf 

where N i!? a normal i z a t i o n  fac to r .  
f 

Let us leave aside the y5 term which does not con t r i  bute t o  the magne- 

t i c  moment and def ine 

we then get  f o r  the remaining term i n  the expression (3 )  



where I i s  the in tegra l  
a 

Now, the fol lowing in tegra l  

where 



Applying the r e s u l t  (7) t o  ( 5 )  

The C(&) tarm does not  con t r i  bute t o  the magnetic moment. I t i s a d iver-  

gente t o  be absorbed i n  the charge renormal iza t ion .  

Noting tha t  t h i s  i n teg ra l  ir between and u(pi) and using D i  rac s 

equation, we can replace each o f  the terms 

Thus 

As the magnetic moment i s  calculated i n  the l i m i t  q2 + O  and using the 

approximaticm M~ + m2 - m2 = M2 we get L P K L  

and the terms of  the S-matrix that  we have kept are given from eq. (4) by 



and n o t i n g  t h a t  the f i r s t  term does n o t  c o n t r i b u t e  t o  the  magnetic mo- 

ment, we keep o n l y  the t e m  

whe r e  

3. THE MUON MAGNETIC MOMENT DUE TO A VECKOR-AXIAL VECTOR 
INTERACTION 

I n  t h i s  s e c t i o n  we consider  the c o n t r i b u t i o n  o,' the  second p o s s i b l e  i n -  

t e r a c t i o n  ( 1 ' ) .  The n o t a t i o n  i s  taken from the  paper by Fujikawa e t  ~ 2 . ~ .  

The graph t o  c a l c u l a t e  i s  i n d i c a t e d  i n  F ig.2 



As the  spin-one p a r t i c l e s  p resen t  divergences i n  a more compl icated way 

than thoss w i t h  s p i n  ze ro  o r  1/2 one must be very c a r e f u l  t o  separate 

the f i n i t e  p a r t  f rom the i n f i n i t e  ones i n  our  i n t e g r a l s .  

The usual method f o r  t h i s  separa t ion  i s  t h e  c-process o f  Lee and Yang, 

used i n the R gauge (see ~ e f  .8) . 
5 

Another r e g u l a r i z a t i o n  scheme however has been proposed by B o l l i n i  and 

~ i a m b i a ~ i ' ~ .  As i n  t h i s  method, c a l l e d  dimensional r e g u l a r i z a t i o n ,  t h e  

c a l c u l a t i o n s  a r e  more s t r a i g t h f o r w a r d ,  we s h a l l  employ i t .  

We use a n-dimensional g e n e r a l i z a t i o n  o f  the  y5 m a t r i x  which s a t i s f i e s  

{y', y5}+ = O s ince  we note t h a t  i n  t h e  case o f  the  Weinberg-Salammodel 

(whose charged p a r t  Lagrangian has the same s t r u c t u r e  as o u r  ( I ' ) ) ,  t h e  

c a l c u l a t i o n  o f  the niuon magnetic moment i n  t h e  dimensional r e g u l a r i z a -  

t i o n  method1° agrees w i t h  o t h e r  c a l c u ~ a t i o n s ~ ~ .  

W i  t h  the  p r o p e r t i e s  o f  D i r a c ' s  mat r i ces  extended t o  the  n -d imensional  

space9 the  S-matr ix  has the  form 



The y5 term does not cont r ibu te  t o  the magnetic inoment so we leave i t  

aside. The rcmaining term o f  (13) i s  

where 

I f  we use the fo l lowing r e s u l t s  

where riW i s  the general i z a t i o n  o f  gPV i n  a 12-diinensional space,and ne- 
A 

g l e c t  the pure y terms, then we are  l e f t  w i t h  

As i n  sec t ion  2, we introduce the same Feynman parameters. The denomi- 

nator  i n  (17) becomes nk-Ml2 + A ] ~  where 



We now s h i f t  the k o r i g i n  and use 

The terms conta i n i ng 

are absorbed i n  the charge renorrnalization and 

The numrator i n  (17) becomes 

we consider f i r s t  the k2 terrn i n  (18) 



changing variables w e  have 

and integrating over y 

the k integral can be evaluated 

and 



we have 

the  f i  r s t  term i n  the s e r i e s  vanishes. 

Taking theri the  l i m i t  n -+ 4 ,  we have o n l y  the second term 

The remaining p a r t  o f  (18) i s  

m3 
pA(2(2 - n ) rn (z - x2)) + PA 2 (6x2-23: - 6x 3 + k4) 

1 v m2 

rrrr = jo 2.: dr I 8 L K* 
A 

(k2 + A) 3 

We take  as lead ing  term the f i r s t  one i n  the  numerator, and use the  i n -  

teg  r a  1 

(20) 

As I" << I"' , we take  i n  cons idera t  i o n  o n l y  I: ' 
A X 



From (15) the S-matrix i s  

Aply i  ng the Gordon decomposi t i o n  (i PA + 1/2 o q V )  the S-matrix beco- 
h v 

mes 

4. COMPARISON WITH EXPERIMENT 

We assume tha t  the coupling constants gl and g2 are o f  order "e" which 

impl ies 

By comparing the expressions (11) and (21) f o r  S w i t h  the lowest order 

Q.E.D. 

we obta in  the cor rec t ion  t o  
O 

where E 1 r e fe rs  t o  the scalar-pseudoscalar i n te rac t i on  (1) and e2 E 2 
1 

t o  the vector-axia l  wectof i n te rac t i on  (1 I ) .  

The f i n a l  r e s u l t  i s  



wi t h  ML, - - ML2. The i n c l u s i o n  o f  the s i n  0 and cos 0 f a c t o r s  does no t  

change t h i s  r e s u l t .  

The agreement- between theory and e ~ ~ e r i m e n t ~ ' ~  impl i e s  16 1 < 2 x 10-*, 
!-'o 

which g ives  a bound f o r  M o f  M 5. 20 GeV f o r  the  pseudo sca la r  i n t e -  
L L 

r a c t i o n  and M > 28 GeV f o r  the  pseudo vec to r  i n t e r a c t i o n .  
L 
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