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Abstract The recent i n t e r e s t  i n  the study o f  poss ib le  sp in  3/2 leptons 
mot ivated our c a l c u l a t i o n  o f  the decay r a t e  o f  heavy mesons i n t o  these 
leptons. The mesons may be ups i l on  T p a r t i c l e s  (b6 systems) o r  any 
o ther  system o f  the qq (quark-antiquark) k i nd  w i t h  mass l a rge r  than 
those o f  the ups i l on  p a r t i c l e s ,  f o r  example, tt bound s ta tes  (not  ye t  
detected).  We c a l c u l a t e  the decay r a t e  o f  these mesons as a f unc t i on  
o f  the mass o f  the spin 3/2 leptons.  The r e s u l t s  obtained are compa- 
red w i t h  those o f  the sp in  1/2 leptons.  

INTRODUCTION 

U n t i l  now there  i s  no experimental observat ion o f  the heavy 

spin 3/2 leptons.  The s ing le  poss ib le  candidate t o  t h i s  category would 

be the lep ton T '. Nevertheless i t  i s  we l l  es tab l ished tha t  the lep ton 

has spin 1/2, and together w i t h  the neu t r i no  v c o n s t i t u t e  the 
'I 

t h i r d  generat ion o f  leptons.  I n  s p i t e  o f  the non-existence o f  exper i-  

mental evidence fo r  the spin 3/2 leptons, there  are  s u f f i c i e n t  motiva- 

t i o n s  t o  study spin 3/2 f i e l d s .  An example i s  the theory o f  supergra- 

v i t a t i o n ,  'hihere massless p a r t i c l e s  o f  sp in  3/2 p lay  a fundamental r o l e  

I t  i s  known tha t  a t  p resent ly  avai lable energies the l ep tonsbehave l i ke  

s t r u c t ~ r e l a s s  p a r t i c l e s .  Notwithstanding, we speculate t h a t  a t  h igher 

energies t7e leptons would reveal ind i c a t  ions o f  a possi b l e  structure2,  

i t  would be natura l  t o  seek f o r  sp in  3/2 exc i t a t i ons .  

Wit ten argue f o r  the absence o f  h igher sp in  l i g h t  p a r t  

t heo re t i ca l  d i f f i c u l t i e s  a r i s e  when we t r y  t o  descr ibe 

magnetic i n t e r a c t i o n  w i t h  an elementary p a r t i c l e  o f  sp 

an inconsistency i n  the theory o f  l oca l  i n t e r a c t i o n  o f  

3/2 f i e l d  w i t h  an externa1 electromagnetic f i e l d 4 ,  and 

W e i n b e r g  and 
3 c les  . Some 

the e l e c t r o -  

n 3/2. There i s  

a charged sp in  

the theory i s  

no t  renormal izable.  The electrornagnetic i n t e r a c t i o n  o f  sp in  3/2 e le-  

mentary p a r t i c l e s  v i o l a t e s  u n i t a r i t y ,  and the cross sect ions grows w i -  

* Work p a r t  ia1 l y supported by CNPq, and FINEP 



thout  l i m i t  w i t h  increasing energy5. We overcome t h i s  problem by the 

i n t roduc t i on  o f  e lectromagnet ic form f a c t o r s  f o r  the sp in  3/2 leptóns.  

The same t r i c k  i s  used i n  the c a l c u l a t i o n s  o f  the decay r a t e  o f  heavy 

mesons l i k e  p a r t i c l e s  $, $ ' ,  T, TI ,  e t c .  i n t o  poss ib les  sp in  3/2 l ep-  

tons. Our r e s u l t s  a re  compared w i t h  s i m i l a r  ones f o r  the decay r a t e  o f  
6 

these p a r t i c l e s  i n t o  sp in  1/2 leptons . 

S P I N  3/2 FIELDS 

The sp in  3/2 f i e l d s  s a t i s f y  the Rarita-Schwinger equation7 and 

and the  cons t ra in t s  

a a Y u,(p) = O  and p ua(p) = O  

The p ro jec to rs  on the p o s i t  

1 $ v = ? 2 m  if. 

x {gVV 

i v e  and negat ive energy s ta tes  are: 

DECAY CALCULATIONS 

The heavy mesons may be considered as heavy quark- ant iquark  

bound states,  e.g. the $ p a r t i c l e s  a r e  c; (charm-anticharm) bound s ta -  

tes and the  T p a r t i c l e s  are  bb (bottom-antibottom) bound s ta tes .  The 

bound s ta tes  are  ca lcu la ted 6 us ing  a phenomenological p o t e n t i a l  t h a t  

descr ibe confinement a t  l a rge  distances as we l l  as asymptot ic  freedom 

a t  small d istances.  The decay o f  these heavy mesons i n t o  sp in  3/2 l ep-  

tons rnay then be descr ived i n  a f i r s t  approximation by a one photon 

t r a n s i t i o n  as shown i n  the diagram 



The most general form of the consarvel electrornagnetic current at the 

leptons vertex is 

where fi, f2, f3 and f~, are the form factors of  the spin 3/2 leptons, 

u , ( p ' )  and v B ( q ' )  are posi tive and negative energy Rar i ta - Schwinger 
spinors, k = p '  + q '  and P = p 1  - q ' .  AS a f irst approximation we as- 

sume a pointlike minimal electromagnetic coupling in the leptonic ver- 

t e ~ ,  which corresponds the choice f2 = f3 = fi, = O and fi = 1. In this 

approximation the total cross section for the process 

where e is the quark charge, M and m are the quark and lepton masses 
9 

respectively, and 

In the center of masses systern, the non-relativistic limit 



(p<<M) g i v e s  

The t r a n s i t i o n  p r o b a b i l  i t y  o f  a  weakly  bound qg system, i n  t h e  t r i p l e t  

s p i n  s t a t e ,  angu la r  momentum = O and J'' = I--, i n t o  s p i n  3/2 l e p -  

t o n s L + L - ,  i s g i v e n b y O X V  T r e l .  w i t h t h e f o l l o w i n g m o d i f i c a t i o n s :  

1. m u l t i p l y  by 1$(0) 1 '  ($ i s  t h e  bound s t a t e  wave f u n c t i o n )  

2. m u l t i p l y  by 1 6 0  ( f rom l e p t o n i c  s p i n  s t a t e s )  

3. mul t i p l y  by 6 f o r  each c o l o u r  ( t h r e e  c o l o u r s )  and 1 / 6  f r o m  co- 

l o u r  wave f u n c t i o n  . 

Wi th  t h i s  r e c i p e ,  t h e  decay r a t e  o f  t h e  above mentioned qq bound sys-  

tem i s  

m 
where Y = - M -  

The decay r a t e  o f  t h e  same heavy meson i n t o  s p i n  1/2 l e p t o n s  (e'e- o r  

$V-) i s  

The f r e c t i o n  o f  t h e  decays d e f i n e d  by 

i n  t h e  sarne approx imat ion  o f  t h e  above c a l c u l a t i o n s  i s  g i v e n ' b y  



- 1  M C lea r l y  t l ie  R value increases w i thout  l i m i t  w i t h  increasing y = - 
m ' 

which i s  ia consequence o f  the u n i t a r i t y  v i o l a t i o n .  This problem rnay be 

circurnvented by in t roduc ing a neutra1 vec tor  rneson o f  rnass m which 
5' 

corresponds t o  mul t i p l  y ing the scat,ter ing ampl i tude o f  + y +  L'L- by 

a form f a c t o r  f o r  the l ep ton i c  ve r tex 5 

w i t h  t h i s  co r rec t i on ,  i n  the n o n r e l a t i v i s t i c  

decays R becomes: 

(12) 

l i r n i t ,  the f r a c t i o n o f  the 

Analyzing the  behaviour o f  R a t  the l i r n i t i n g  values o f  y we have: 

and 

But, t o  be coherent w i t h  the experimental fac ts ,  R <  I, which i s  s a t i s -  

f i e d  i f  mz << M. I n  t h a t  case 

from which we get  



CONCLUSIONS 

The f r a c t i o n  o f  t h e  decays o f  a  rnesonic resonance i n t o  s p i n  

3/2 o r  i n t o  s p i n  1/2 l e p t o n s  ( e l e c t r o n s  o r  muons) i s  e s s e n t i a l  l y  a  r e -  

l a t  i o n  between t h e  masses o f  t h e  resonance (o r  o f  t h e  quarks)  , o f  t h e  

s p i n  3/2 l e p t o n s  and o f  t h e  v e c t o r i a l  rneson. 

The m i n i m a l  coupl  i ng  hypo thes is  w i t h  p o i n t l  i k e  i n t e r a c t  i o n  

g i v e s  r i s e  t o  a f a s t  i nc rease  o f  t h e  above mentioned f r a c t i o n  o f  t h e  

decays, f o r  smal i va lues  o f  t h e  r a t i o  o f  s p i n  3/2 l e p t o n  mass and t h e  

resonance rnass. T h i s  i s  a  consequence o f  t h e  u n i t a r i t y  v i o l a t i o n  i n t r o -  

duced by t h i s  t y p e  o f  c o u p l i n g .  

The i n t r o d u c t i o n  o f  a  v e c t o r  rneson which domínates t h e  e l e c -  

t rornagnet ic  l e p t o n i c  forrn f a c t o r  a t t e n u a t e s  t h a t  i n c o n v e n i e n t b e h a v i o u r  

o f  t h e  decay r a t e  i n t o  s p i n  3/2 lep tons ,  and t h e  behaviour  f o r  srnall 

va lues  o f  t h e  masses o f  these l e p t o n s  depends o n l y  on  t h e  f r a c t i o n  o f  

t h e  rnasses o f  t h e  v e c t o r i a l  rneson and o f  t h e  l e p t o n .  

Looking a t  t h e  F i g u r e  we v e r i f y  t h a t  f o r  va lues  o f  t h e  decay 

r a t e  i n t o  3 / 2  l ep tons ,  compat ib le  w i t h  t h e  exper imenta l  f a c t t h a t t h e s e  

lep tons  have n o t  y e t  been observed, t h e  v e c t o r i a l  meson mass rnust be 

s n a l l e r  than t h a t  o f  t h e  l e p t o n .  We observe a l s o  t h a t  f o r  a  g i v e n  va- 

l u e  o f  t h e  l e p t o n  mass t h e  bes t  v a l u e  o f  R ( t h e  f r a c t  i o n  s f  t h e  de- 

cays i n t o  s p i n  3/2 and s p i n  1/2 l e p t o n s )  corresponds t o  t h e  smal l e s t  

mass o f  t h e  v e c t o r i a l  rneson. 

The f r a c t i o n R o f  t h e  
decays o f  a mesonic 
resonance i n t o  s p i n  
3/2 and i n t o  sp in 1/2 
l e p t o n s  i s  p l o t t e d  
a g a i n s t  y =m/M, f o r  
severa1 va lues  o f r =  
= mx/M, t h e  f r a c t  i on 
o f  rnasses o f  t h e  
v e c t o r  rneson and t h e  
quark.  



Ve conclude t h a t  t h e  smal l  p r o b a b i l i t y  o f  decay i n t o  s p i n  3/2 

l e p t o n s  may be a consequence o f  t h e  l a r g e  mass o f  t h e  s p i n  3/2 l e p t o n  

and o f  t h e  smal l  mass o f  t h e  v e c t o r i a l  meson. 

We would l i k e  t o  thank Pro f ,  R.  Chanda and A. N. Vaidya f o r  

r e a d i n g  t h i s  manuscr ip t  and v e r y  u s e f u l  d i s c u s s i o n s .  
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RESUMO 

Devido ao recen te  i n t e r e s s e  no es tudo  de p o s s í v e i s  l e p t o n s  de 
s p i n  3/2, c.alculamos a taxa de decaimento, nes tes  lep tons ,  de mesons 
pesados t a i  s-como: p a r t í c u l a  T (s is tema bb) ou qualquer  o u t r o  s i s t e -  
ma do t i p o  qq (quark- an t iquark )  de massa ma io r  do que as das p a r t í c u -  
l a s  u p s i  l on  'I', como por  exemplo, estados 1 igados tt (a inda não de te -  
tados) .  Fazemos uma e s t i m a t i v a  da taxa de decaimento desses inesons em 
função das massas dos l e p t o n s  de s p i n  3/2. Confrontamos os  nossos r e -  
s u l t a d o s  com os  o b t i d o s  para os l e p t o n s  de s p i n  1/2. 


