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A b m a  Assuming tha t  quarks obey general s t a t i s t i c s ,  we p r o p o s e  a 
n o n - r e l a t i v i s t i c  approach t h a t  can descr ibe s e v e r a 1  p r o p e r t  i e s  o f  
hadrons: quark conf inement, baryonic number conservation and 3 - q u a r k  
sa tura t ion  i n  baryons. I n  our formalism, which i s  d i f f e r e n t  f rom 
pa ras ta t i s t i cs ,  the assumption o f  th ree t r i p l e t s  o f  q u a r k s  i s  n o t  
necessary. 

1- 3 
A b o u t f o u r d e c a d e s a g o , G e n t i l e  d e d u c e d w i t h l n a  t h e r m o -  

dynamical context ,  a general quantum s t a t i s t i c a l  d i s t r i b u t i o n  func t i on  

f o r  a s y s t e m  o f  N i d e n t  i c a l  p a r t i c l e s .  He assumed tha t  the quantum 

s ta tes  o f  an i nd i v i dua l  p a r t i c l e  can be occupied by a f i ' n i t e  a r b i t r a r y  

number, d ,  o f  p a r t i c l e s .  The Fermi and Bose s t a t i s t i c s  would correspond 

t o  7 = 1 and d = w, respect ive l  y. 

We have s t ~ w n ~ ' ~ ,  using the i r r e d u c i b l e  representat ions o f  the 

symmetric group SN i n  H i l b e r t  space, t ha t ,  besides the  usual onedimen- 

s ional  boson (YS) and fermion (YA) states,  a l so  g e n e r a l  intermediate 

s ta tes  (Y) , corresponding t o  subspaces wi t h  dimensions going from up 

t o  (N-I)~,  a re  compatible w i t h  the postu la tes  o f  quantum m e c h a n i c s  . 
There was establ ished a one-to-one correspondence between t h e  Young 

shapes and the wavefunctions wt t h  wel i def ined symmetries i n  H i 1 b e r  t 

space. The f i r s t  t o  note the need o f  extending the d e f i n i t i o n  o f  the 

one-dimensional wavefunctions was 0kayama6. However, he has obtained 

mult l-dimensional wavefunctions where the o v e r a l l  impl ied symmetries 

are not  c i e a r l y  displayed. Improving t h e i r  resu l ts ,  we have wr i t t en , i n  

a T-dimensional subspace, the s t a t e  vec tor  Y as an orthonormalized T- 

-vector. Thus, there i s  a quant iza t ion  o f  the system f o r  each  shape.  

For these subspaces there  i s  a Geometric Superselection Rule (G S R)': 

" t r ans i t i ons  between d i f f e r e n t  i r r e d u c i b l e  subspaces are  f o r b i d d e n l ' .  

Then, by adopting a somewhat new second quant iza t ion  procedure, i t  was 

a l so  establ ished tha t :  

1) Boson and fermion c rea t i on  and anni h i  l a t i o n  operators obey the  usual 



b i l i n e a r  commutation re la t i ons .  

2) For the general states,  the commutation r e l a t i o n s  h a v e a m u l t i l i n e a r  

m a t r i c i a l  form governed by matr ices depending on the s t ruc tu re  o f  the 

i r r educ ib le  manifolds. These r e l a t i o n s  i nd i ca te  t ha t  N p a r t i c l e s  de- 

scr ibed by Y states are s t rong l y  cor re la ted,  forming a s ing le  c l u s t e r .  

3) The s ta te  vector  Y does not  have a pure fe rmion ic  o r  bosonic behav- 

lour,  but  i t  i s  a fermion-boson hybr id .  The occupation number d f o r  Y 

states runs from 2 up t o  N-1. 

The quantum mechanical and f i e l d  t heo re t i ca l  approaches a re  

known t o  ble equivalent  i n  the case o f  Bose and Fermi f i e l ds 7.  We a re  

not  aware, a t  the moment, o f  a method f o r  extending our general s ta tes  

approach t o  the study o f  r e l a t i v i s t i c  phenomena. Anyway, we mustexpect 

tha t ,  i n  a n o n - r e l a t i v i s t i c  1 i m i t ,  the quantum f i e l d  t h e o r e t  i c a l  re-  

s u l t s  should be reproduced i n  terms o f  our wavefunctions and commu- 

t a t i o n  re l is t ions.  Nevertheless, i f  we t r y  t o  t r ans la te  the usual para- 

s t a t i s t i c s  f i e l d  t heo re t i ca l  r e s u l t s e  i n t o  o u r  quantum m e c h a n i c a l  

language, we v e r i f y  t ha t ,  from a symmetric group p o i n t  o f  v i e w ,  i t  

would be hiird t o  accept5 the para'boson and p a r a f  e r m i  on concepts i n  

quantum mechan ics .  

At  t h i s  po in t  a natura l  question a r i ses :  the remaining shapes 

associated t o  the hybr id  s ta tes  Y correspond t o  what k i nd  o f  p a r t i c l e s  

(by par t ic ' les  we mean a p a r t i c l e  o r  a quas i - pa r t i c l e )?  

Ir1 t h i s  note, p a r t i c l e s  represented by Y s t a t e s  a r e  named 

gent i leons.  Although there i s  a wide c o l l e c t i o n  o f  poss ib le  intermedi-  

a te  states:, many i n te rna l  quantum numbers such as spin, i sosp in  and 

others a r i r i i ng  from in te rna l  symmetries o r  dynamical arguments can be 

used t o  d r e s t i c a l l y  reduce the  ava i l ab le  number o f  s t a t e s
g
.  These 

se lec t ion  ru les  would depend on the s p e c i f l c  gent i leons c o n s t i t u t i n g  

the system, I f  we have on l y  N=3 gent i leons,  there i s  o n l y  one i n t e r -  

mediate four-dimensional s ta te ,  which was c a r e f u l l y  analysed i n  our 

previous w ~ , r k ~ * ~ .  For N=2, there i s  no intermediate s t a t e  and the sys- 

tem 1s repr'esented by YA o r  YS. 
Let us consider now the c o l l i s i o n  problem o f  two systems w i t h  

g e n t i l i o n i c  i n te rna l  s t ruc tures .  System 1 i s  composed by N i  gent i leons 

wi t h  Internial symmetries def  ined by the Young shape S (N,) whereas the 
P 

system 2, composed by N, gent i leons,  i s  character ized by the Young shape 



S (N,). The gent i leons are  assumed t o  be i den t i ca l  and t h e i r  t o t a l  
9 

number N = N l  + N2 i s  conserved dur ing  the c o l l i s i o n .  By tak ing  i n t o  

account the Geometric Superselection Rule (G S R), we v e r i f y  t ha t  the 

symmetries o f  the interna1 s ta tes  a re  conserved: 

The ensuing consequences f o l l o w  from t h i s  symmetry conservation 1aw:two 

systems cannot coalesce and a f r e e  gent i leon cannot be a b s o r b e d  o r  

emit ted by a system. This suggests t ha t ,  a t  l eas t  i n a n o n - r e l a t i v i s t i c  

approach, gent i leons cannot escape from a system. They could be, f o r  

instance, dynamical e n t l t i e s  as quantum c o l l e c t i v e  s ta tes  o r  p a r t i c l e s  

so s t rong l  y cor re la ted tha t  they would be unable t o  ,appear f ree l  y. Any- 

way, they could be understood as "confined e n t i t i e s "  and i t  i s  w i t h  t h i s  

s p i r i t  t ha t  we pursue t h i s  note.  This would exp la in  why onlybosonsand 

fermions have been observed i n  l abo ra to r i es  and why g e n t  i l e o n s  have 

never been detected as f r e e  elementary p a r t i c l e s  i n  the physical  world. 

I t  i s  impl ied that ,  i f  we have a se t  o f  i den t i ca l  systems, each one 

cons is t ing  o f  N genti leons, and i f  we i d e n t i f y  the evo lu t i on  spacewith 

the group i t s e l f  w i t h  respect t o  which the systems are  e1 e m e n t a r y  ' O ,  

on ly  two descr ip t ions  are  possib le:  bosonic o r  fermionic.  

As an app l i ca t i on  o f  the geometric reasoning developed above, 

l e t  us consider now the standard S U ( 3 )  model o f  s t rong l y  i n t e r a c t  i n g  

p a r t i c l e s  i n  a n o n - r e l a t i v i s t i c  approximation f o r  t h e  i n t e r n a l  d y -  

namicsll. I f  we assume t h a t  the fundamental t r i p l e t  (npX) a s s o c i a t e d  

w i t h  a baryon i s  cons t i t u ted  by sp in- ha l f  gent i leons described by a 

four-dimensional hybr id  Y def ined on SU(3) space, severa1 i n t e r e s  t i ng 

p o s s l b i l i t i e s  are suggested. Na tu ra l l y ,  sínce Y i s  n o t  n e c e s s a r i l y  

symmetric o r  antisymmetric under permutations, no s p e c i f i c  symmetris- - 
a t i o n  i s  required f o r  i t s  rad ia l  pa r t .  Also, by adopting a Y s ta te  f o r  

the desc r i p t i on  o f  (npX) i n  SU(3) space, i t  i s  easy t o  see4" t ha t  we 

get the  p o s s i b l l i t y  of accomodating two i d e n t i c a l  p a r t i c l e s  i n  the same 

quanturn s ta te ,  wi thout  assuming paras ta t  i s t  i cs12 o r  the ex i  stence o f  

three t r i p l e t s  o f  quarkslg. 

I t  is worthwhile t o  note t h a t  according t o  GSR, t h i s  choice 

f o r  Y could automat ica l ly  account f o r :  

(a) baryon i c  number conservat ion  



(b) quark confinement and 

(c) 3-quark sa tura t ion  i n  baryons. 

Summarlzing, we see t h a t  i n  a n o n - r e l a t i v i s t i c  approach, sev- 

era1 fundamental p roper t les  o f  baryons would thus be ascribed t o  the  

imposs ib i . l i t y  of t r a n s i t i o n s  between equivalent  classes def ined by the 

a c t  ion  o f  the symrnetr i c group on SU (3) components. 

N'ext, we want t o  spec ia l i ze  the preceding discussion t o  me- 

sons. To t h i s  e f f e c t ,  we po in t  ou t  t h a t  the se t  o f  accessib le s t a t e s o f  

a system composed o f  3 gent i leons i s  completely inequivalent  t o  the set  

which corresponds t o  a system composed by 2 gent i leons.  This extremely 

strong cont l i t ion  i s  the basis o f  the e n t l r e  d iscussion on meson states. 

S t ruc tura l  d i f fe rences between baryon and meson quark contents are  ex- 

pected t o  occur. The mesons could not  be constructed w i t h  two f l avou rs  

coming frorn the baryonic set  (nph) . Thus we would be compel led  t o  con- 

s t r u c t  a rneson by in t roduc ing a new set' o f  s ta tes .  This new set  i s  na t -  

u r a l l y  generated by the 5 representat ion o f  S U ( ~ ) .  I t  i s  worthy t o  ob- 

serve t h a t  quark confinement i n  mesons should a l so  be a consequence o f  

GSR. 

As a f i n a l  remark, i t  must be emphasized t h a t  our general re-  

sul t s  a re  rtot modif ied when the symnetry i s  extended t o  SU(6). 

REFERENCES 

1 .  G. Gent i le  Jr . ,  Nuovo Cim.,17, 493 (1940). 

2. G. Gent i le  Jr . ,  Ricerca Sci., 12, 341 (1941). 

3. G. Gent i le  Jr . ,  Nuovo Cim.,  19, 109 (1942). 

4. M. Cat tani  and N.C. Fernandes, Rev. Bras. FÍs., 12, 585 (1982). 

5. M. Cat tani  and N.C. Fernandes, Prepr in t ,  IFUSP/P-395,insti tuto de 

F fs ica ,  USP, São Paulo, B ras i l  (1983). 

6. T. Okayama, Prog. Theor. Phys., 7, 517 (1952). 

7. A.M.L. Messiah and O.W. Greenberg, Phys. Rev., 136B, 248 (1964). 

8. Y. Ohnuki and S. Kamefuchl , Quantwn FieZd Theory and ParastatistZcs, 

Springer, B e r l i n  (1982). 

9. M. Harnmermesh, Group Theory, Add i son-Wesley, Read i ng, Ma. (1 963). 

10. C. Duval and P. Horvathy, Annals o f  Phys., 142, 10 (1982). 

11. F. E,. Close, An IntroductCon t o  &uarks and Pmtons, Academic Press, 

London (1 979) . 



12. O.W. Greenberg, Phys. Rev. Le t te rs ,  1 3 ,  598 (1964). 

13. M.Y. Han and Y.  Nambu, Phys. Rev. 1398, 1006 (1965). 

Resumo 

Admitindo que os quarks obedecem a uma e s t a t í s t i c a  gera1,pro- 
pomos uma t e o r i a  não r e l a t i v i s t i c a  que pode descrever d iversas propr ie-  
dades dos hadrons : conf i namento de quarks , conservação de número bar i& 
nico  e saturação de 3 quarks em bárions. No nosso formal ismo, que é 
d i f e ren te  de para- esta t ís t i cas ,  a  h ipótese da ex is tênc ia  de t r ê s  t r i -  
p le tos  de quarks não é necessária. 


