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ABSTRACT 

We examine some s i m p l e  models  of  ( r e n o r m a l i z a b l e )  

meson-nucleon i n t e r a c t i o n  i n  which t h e  nuc leon  mass i s  e n t i r e l y  

due t o  i n t e r a c t i o n ,  and t h e  c h i r a l  ( y  ) symmetry i s  "broken"  

t o  become a h i d d e n  symmetry.  We f i n d  t h a t  s u c h  a scheme i s  

, p o s s i b l e  p r o v i d e d  t h a t  a v e c t o r  meson i s  i n t r o d u c e d  as a n  

e l e m e n t a r y  field. 
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r .  I n t r o d u c t i o n  

I n  t h i s  p a p e r  we s h a l l  s t u d y  some s i m p l e  m3dels of  

s t r o n g  i n t e r a c t i o n s  i n  o r d e r  t9 s e e  whe the r  t h e  f o l l o w i n g  pDin t s  

view can be c o n s i s t e n t l y  e n t e r t a i n e d :  

The mass of  t h e  fermiDn ( “ n u c l e 3 n ” )  a r i s e s  e n t i r e l y  f r o m  

boson-fermion  i n t e r a c t i o n .  I n  3 t h e r  w3rdsJ  t h e  b a r e  mass 

o f  t h e  fermiDn f i e l d  i s  z e r o .  

The sys t em may a l l o w  i n  a d d i t 5 3 n  t h e  y r  i n v a r i a n c e  ( c h i r a l  

s y m m e t r y )  which e x h i b i t s  i t s e l f  as a “h idden  symmetry,’’ 

l i k e  i n  an  e a r l i e r  mDdel ( t h e  s u p e r c o n d u c t i v i t y  mode l )  

3 

1 c o n s i d e r e d  b y  Nambu and J o n a - L a s i n i 3  ( N J ) .  

Some o f  t h e  p a r t i c l e s  m a y  i n  f a c t  be non-e l emen ta ry ,  

composi te  sys t ems  i n  t h e  s e n s z  Df h a v i n g  v a n i s h i n g  renorma- 

l i z a t i o n  c o n s t a n t s .  

By a h idden  symmetry w e  mean a symmetry which i s  s h a r e d  

t h e  e q u a t i o n s  of rn3tion o f  t h e  sys tem,  b u t  n o t  b y  t h e  s t a t e s  

which make u p  t h e  H i l b e r t  s g a c e  of t h e  p h y s i c a l  w o r l d . *  Such a 

p o s s i b i l i t y  i n  t h e  the9,ry o f  e l e m e n t a r y  p a r t i c l e s  was demons t r a t ed  

i n  N J  by t a k i n g  a n a l o g y  t o  t h e  t h e o r y  of  s u p e r c o n d u c t i v i t y .  T h i s  

concep t  h a s  a l s o  been e x p l o i t e d  by He i senbe rg ,  Golds tone ,  Marshak 

and O k ~ b o , ~  Glashow, e t c .  

4 

6 

I n  o r d e r  t o  r e a l i z e  a h idden  symmetry, i t  i s  n e c e s s a r y  t h a t  

t h e  vacuum ( g r o u n d )  s t a t e  of t h e  wor ld  be n o t  i n v a r i a n t  u n d e r  t h e  

s y m m e t r y  o p e r a t i o n  c o n s i d e r e d ,  which means t h a t  t h e  vacuum i s  n o t  

u n i q u e  b u t  d e g e n e r a t e .  Each vacuum s t a t e  w i l l  b u i l d  upon it  a s e t  
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o f  e x c i t e d  s t a t e s  Cor re spond ing  t o  t h e  p r e s e n c e  of p a r t i c l e s ,  

and t h e  d i f f e r e n t  "wor lds"  c r e a t e d  by d i f f e r e n t  vacuum s t a t e s  

are  o r t h o g o n a l  t o  e a c h  o t h e r .  We r e g a r d  t h e  p r o p e r t y  of  t he  

vacuum s t a t e  n o t  as someth ing  g i v e n  a p r i o r i  i n  a d d i t i o n  t o  t h e  

e q u a t i o n s  of m D t i D n ,  b u t  as someth ing  t h a t  must f o l l o w  from t h e  

l a t t e r  d y n a m i c a l l y .  

We s h a l l  r e s t r i c t  o u r s e l v e s  i n  t h i s  pa ,per  to s i m p l e  

r e n o r m a l i z a b l e  models ,  i n  c o n t r a s t  t o  N J  and t h e  H e i s e n b e r g  

t h e o r y  where n o n - l i n e a r  fou r - f e rmion  i n t e r a c t i o n s  a r e  i n t r o d u c e d .  

S i n c e  we a r e  i n t e r e s t e d  i n  t h e  b a r e  masses  and t h e  b a r e  c m p l i n g s  

as w e l l  as t h e  observed  q u a n t i t i e s ,  we i n t r o d u c e  a c u t  o f f  

p a r a m e t e r  t o  make t h e  s e l f - e n e r g i e s  and r e n o r m a l i z a t i o n  con- 

s t a n t s  f i n i t e .  

A s  i s  known i n  t h e  L.ee model7 and v a r i o u s  o t h e r  model 

t h e o r i e s ,  t h e  s t r e n g t h  of  t h e  , p h y s i c a l  c o u p l i n g  c o n s t a n t s  c a n n o t  

be chosen a r b i t r a r i l y  l a rge  i n  o r d e r  t o  have  a p h y s i c a l l y  a c c e p t -  

a b l e  s o l u t i o n .  T h i s  c o n d i t i o n  expresses  i t s e l f  i n  t h e  r equ i r e -  

ment t h a t  t h e  a m p l i t u d e  r e n o r m a l i z a t i o n  c o n s t a n t s  (Z2 and 2 ) be 

w i t h i n  t h e  r ange  OSzgl. Fur the rmore ,  w e  may r e g a r d  t h e  l i m i t -  

i n g  case Z ( o r  Z ) = 0 as c o r r e s p o n d i n g  t o  a composi;.te p a r t i c l e ,  

t h e  meaning o f  which i s  n o t  com.pletely c l e a r ,  b u t  r o u g h l y  i n d i c a t e s  

8 

3 

9 
3 2 

t h a t  t he  s t a t e  o f  t h a t  , p a r t i c l e  can  be c o n s t r u c t e d  s o l e l y  i n  te rms  

o f  o t h e r  f i e l d s .  

I n  t h e  f o l l o w i n g  s e c t i o n s  w e  c o n s i d e r  models h a v i n g  

e i t h e r  s i m p l e  y symmetry o r  i s o t o . p i c  y r  symmetry. N e u t r a l  s c a l a r ,  5 3 



n e u t r a l  and i s o v e c t o r  p s e u d o s c a l a r ,  and n e u t r a l  v e c t o r  f i e l d s  

a r e  i n t r o d u c e d  i n  c e r t a i n  combina t i3ns  to s a t i s f y  t h e  symmetry 

p r o p e r t i e s .  The c a l c u l a t i o n  i s  c a r r i e d  o u t  to t h e  l o w e s t  o r d e r  i n  

t h e  cou ,p l ing  c o n s t a n t s  and i n  t h e  limit of  large cut-off. The main 

c o n c l u s i o n  i s  summarized i n  t h e  l a s t  s e c t i o n .  

11. Two-meson Model 

r 

C o n t r a r y  t o  N J ,  l e t  us f i r s t  assume a n e u t r a l  n u c l e o n ,  

a p s e u d o s c a l a r  and s c a l a r  meson f i e l d  cou,pled i n  a y - i n v a r i a n t  

way(.'-', 
1) . 5 

S i M i I Q Y  .to the m e s u n  modeL,Jo 

= 0 ,  t h e  b a r e  meson masses  mso = m 

The Lagrangian  i s  c h a r a c t e r i z e d  b y  t h e  b a r e  nuc leon  mass 

= m , and t h e  b a r e  coup- Mo .p 3 3 

l i n g s  G s o  = G = Go . The s o l u t i o n  we s e e k  i s  t h e  one i n  which 

emerge a mass ive  n u c l e a n ,  a mass ive  s c a l a r  meson and a m a s s l e s s  
P o 

p s e u d o s c a l a r  meson, t h e  l a s t  b e i n g  a s i m p l i f i e d  a n a l o g  o f  t h e  r e a l  

,pion ( S e e ,  however,  t h e  remark a t  t h e  end ~f S e c t i o n  I V . )  . The 

s o l u t i o n  w i l l  be c h a r a c t e r i z e d  by t h e  obse rved  masses M + o ,  

ms + m , and t h e  c o u p l i n g s  G: $: G: . 
, P - 
; 

The g e n e r a l  p r o c e d u r e  i s  as f o l l o w s .  I n  N J  i t  was 

assumed t h a t  t h e  rea l  masses and cou ,p l ing  c o n s t a n t s  were ex ,pressed  

i n  t e rms  of  the  b a r e  c o n s t a n t s  o f  t h e  t h e o r y  as s o l u t i o n s  of  t h e  

s e l f - c o n s i s t e n t  e q u a t i o n s .  I n  t h e  p r e s e n t  approach  w e  sha l l  ex- 

9 p r e s s  t h e  b a r e  masses and c o u p l i n g  c o n s t a n t s  i n  t e rms  of  t h e  

obse rved  q u a n t i t i e s .  An e l egan t  way t o  do t h i s  i s  t o  make u s e  of 

The symmetry p r o p e r t i e s  r e f l e c t e d  4 1 1 , 1 2  t h e  Lehmann-type f o r m u l a s .  

i n  t h e  b a r e  c o n s t a n t s  t h e n  im,pose c 5 n d i t i o n s  am3ng t h e  obse rved  @ 



q u a n t i t i e s .  N a m e l y ,  we w r i t e  down t h e  co -nd i t ions  

3 - 2 

2 

GS o - G,pi 

2 
s o  .? 0 

- m - m 

(2.lb) 

( 2 . 1 4  

i n  t e rms  o f  r e n o r m a l i z e d  q u a n t i t i e s .  (As i * ! i l l  be s e e n  be13w, t h e  

l a s t  e q u a t i o n  i s  n o t  c r u c i a l  t o  3u.r d i s c u s s i o n ) .  

I n  o r d e r  to make t h e  e x p r e s s i o n s  f i n i t e ,  however ,  w e  

have to i n t r o d u c e  a c u t - o f f  mass ,pa rame te r  A , and this s , p o i l s  

t h e  e l e g a n c e  of t h e  wh31e , p r o c e d u r e .  ( T h i s  would a l s o  be  n e c e s -  

sa ry  on d i m e n s i o n a l  grounds  s i n c e  o t h e r w i s e  we would have no mass 

s c a l e ) .  We sha l l  t h e r e f o r e  c o n t e n t  o u r s e l v e s  w i t h  t h o s e  c a s e s  

where A i s  l a r g e  compared with M, m and t h u s  t h e  q u a l i t a t i v e  

c o n c l u s i o n s  are  i n s e n s i t i v e  t o  A . I n  t h i s  c a s e ,  t h e  e l a b o r a t e  
S 

Lehmann t y p e  f o r m u l a s  w i l l  be  u n n e c e s s a r y  

We i n t r o d u c e ,  i n  t h e  s t a n d a r d  manner ,13 t h e  renorma- 

a n d  Z and t h e  s e l f - e n e r g y  
z2,z3s’z3.p’zls 1 .? 

lization constants 

i n t e g r a l s  which we d e n o t e  by A. Then 

& M  = M - M = M = A9/Z2 - , 
0 

2 2 s m 2 = m  - m  - .P .? 9 - A3p/z3p - 
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For d e r i v a t i o n  of  t h e s e  f o - m u l a s ,  s e e  Ref .  13. By s t r a i g h t f o r w a r d  (9 I. 1 

c a l c u l a t i o n ,  we f i n d  
. i  

#' z 2  = 1-s- ,p ,  

= 1-4s, z = 1 - k p ,  
3.P 

(I 

* 
e 
A 

(2.4) 

= 1-25 + 2.p: = 1 -k 2s-2p, 
z1 s %P 

A2 = N . P - 3 S )  

We have k e p t  o n l y  t h e  l e a d i n g  d i v e r g e n t  te rms  i n  each  o f  t h e  

e x p r e s s i o n s  c o r r e s p o n d i n g  t 3  t h e  13,tiest D r d e r  s e l f  -energy  

diagrams. We have  i g n o r e d  h e r e  t h e  mes3n-rneson i n t e r a c t i o n  o f  14 

t h e  f o r m  h o ( g s 2  + a(132)2 , which w i l l  q n l y  c o n t r i b u t e  a d d i t i o n a l  

t e rms  t o  E q s .  ( 2 . 3 b )  and ( 2 . 3 C ) .  

We a l s o  n o t e  t h a t  t h e  fo rmula  f o r  S M  i s  v a l i d  o n l y  i f  

<gs (x )  > = 0, and < @  ( x )  > = 0. 

consequence of  p a r i t y  c o n s e r v a t i o n  which we assume f o r  the solu- 

t i o n ,  b u t  t h e  fo rmer  c o n d i t i o n  i s  n o t  a p r i o r i  d i c t a t e d  by  our 

a s s u m p t i o n s .  

and t h i s  may be t h e  s i m p l e s t  way of  o b t a i n i n g  a n o n - t r i v i a l  

s o l u t i o n .  

<gs> = O . The r e a s o n  i s  that, as i s  d i s c u s s e d  i n  t h e  append ix ,  

t h e  c o n t r i b u t i o n  t o  t h e  f e rmion  s e l f - e n e r g y  coming from t h i s  

e f f e c t  becomes n e g l i g i b l e  i n  t h e  l i m i t  of l a r g e  cu. t -Dff .  

The l a t t e r  i s  o f  c o u r s e  a 
.P 

I n  f a c t ,  <@ > #  0 leads t o  a r e s u l t  similar to N J ,  
S 

I n  t h i s  p a p e r J  however,  w e  w i l l  a d o p t  t h e  c o n v e n t i o n  

A , p h y s i c a l l y  a c c e p t a b l e  s o l i r t i 3 n  must s a t i s f y  
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1 b z2 2 0, 1 >/ z 3s 2 0, 13 z3p>I 0. 

From t h e  l a s t  two, and E q .  ( 2 . 4 )  we g e t  

The f i r s t  c o n d i t i o n  i s  t h e n  a u t o m a t i c a l l y  g u a r a n t e e d  : 

However, t h e  r i g h t - h a n d  s i d e  of  Eq. (2 .3a)  f o r  t h e  fermiDn mass 

now becomes 15 

s o  t h a t  t h i s  e q u a t i o n  cann3 t  be s a t i s f i e d .  We conc lude  t h a t  o u r  

s y s t e m  does  n o t  have a s e l f - c o n s i s t e n t  s o l u t i o n  w i t h  M + O .  The 

i n t e r p r e t a t i o n  of t h i s  r e s u l t  i s  t h a t ,  as i s  c l e a r  from above ,  

t he  s c a l a r  and p s e u d o s c a l a r  mesons do n o t  p roduce  a s u f f i c i e n t  

amount o f  f e rmion  s e l f - e n e r g y .  T h i s  f o l l o w s  o n l y  f r D m  t h e  r e -  

q u i r e m e n t  t h a t  t h e  f e rmion  mass be e n t i r e l y  due t o  s e l f - e n e r g y ,  

and does  n 3 t  depend on t h e  c o n d i t i o n  G,, 

c o n c l u s i o n  i s  r eached  when we c o n s i d e r  a model which i n c o r , p o r a t e s  

. The same 2 -  2 
- 

t h e  i s o s p i n  ( see  S e c t i o n  I V . ) .  

111. V e c t o r  Meson Model 

S i n c e  s p i n  0 mesons are  n o t  s u f f i c i e n t  to produce  a 

s e l f - c o n s i s t e n t  nuc leon  mass, w e  s h a l l  n e x t  add a n e u t r a l  v e c t o r  

meson f i e l d  t o  o u r  , p i c k w e .  I ts  b a r e  mass and bare c o u p l i n g  w i l l  

and Gvo , and Eqs.  ( 2 . 2 )  and ( 2 . 3 )  w i l l  be  g e n e r a l i z e d  i n  be mvo 
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an  obv ious  manner t o  i n c l u d e  the  v e c t o r  meson. We now have 

z2 = 1 - s - p - 2 v  

z 3.? = 

z1 s 

ZlV = 1 - s - ,p - 2v = z 2 

z = 1 - 4 s  

1 - 4p 
3s 

Z = 1 - 16/3~ 3v 
= 1 + 2s - 2.p - 8~ 

Z 1 P = 1 - 2 ~ + 2 p - 8 ~  

A2 M ( - ~ s  i- 1.p + 6 ~ )  

- 2 2  - Gs A3s - A  
- 

87r2 

2 - 

A3v - -* A 2  
/67r2 

From t h e  c o n d i t i o n  Z 3 0, w e  get  3 

b u t  i n  a d d i t i o n  Z2 >/ 0 requi res  

s + p + 2v < 1. 

The f e rmion  s e l f  - ene rgy  r e l a t i o n  becomes 

( 3 . 3 )  



(I 

i 
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(3.4) -s + .p + 4v = 1/2, o r  

which i s  now c o n s i s t e n t  w i t h  Eqs .  ( 3 . 2 )  and (3 .3)  i f  

v = 1/8 + s-p + 1/16. 

F u r t h e r  w e  see  t h a t  Eq. ( 3 . 4 )  means 

(3.5) 

= 0, z = 4( .p - s )  (3.6) z1 s 1 P 

Next c o n s i d e r  t h e  c o n d i t i o n  ( 2 . l b )  f o r  t h e  e q u a l i t y  o f  G2 

G2 . E q s .  ( 2 . 2 )  and ( 2 . 3 )  g i v e  

and 
S O  

P 0 

(3.7) 
2 2 ~ ( 1 - 2 s  + 2.p - 8 ~ )  (1-4s) = ~ ( 1 - 4 . p )  (I+ 2 s - 2 . p - 8 ~ )  

which l e a d s  to 

a )  s -p = 0 

2 2 o r  b )  ( 1 - 8 ~ )  + ~ ( P - s )  - 4 ( 1 - 8 ~ )  ( 8 , ~ s - S - V )  = O (3 .7)  

Combining E q s .  ( 3 . 4 )  and ( 3 . 7 ) ,  we o b t a i n  t h r e e  s o l u t i ~ n s  

= z  = 0, 2 = z  
z1 s 1 P 3s 3.P ' 

s = 1/4, Z = Zls = 0 3s b )  

c )  p = 0, z = 1, Zlp < 0. (3 .8)  3P 

The s o l u t i o n  b ) ,  however ,  c o r r e s p o n d s  t o  a n  i n d e f i n i t e  form 

Gso/Gp: = O / O ,  s o  t h a t  w e  w i l l  replace i t  by  a s t r o n g e r  one 2 

b " )  .p = s = 1/4, V- = 1/8, 

(3.08 ) 
- - ZlS = z = z = 0, z* = 1/4,  3s 

z 
1 P 3.P 

which i s  a l i m i t i n g  case D f  a ) .  
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The r e l a t i o n  Z1 = 0 means t h a t  t h e  b a r e  c o u p l i n g  i s  z e r o ,  

whereas Z = 0 means t h a t  t h e r e  i s  no  f r e e  ene rgy  term f o r  t he  

b a r e  f i e l d  i n  t h e  Lagrang ian .  The l a t t e r  i s  o f t e n  c o n s i d e r e d  

to be c h a r a c t e r i s t i c  D f  composi te   particle^.^ 

3 

I n  t h e  c a s e  b ’  ) 

above ,  t h e n ,  t h e  s c a l a r  and p s e u d o s c a l a r  mesons a re  bound 

s t a t e s  induced  b y  t h e  v e c t o r  f i e l d  (which c a u s e s  a t t r a c t i o n  

between f e rmion  p a i r s  ) .  

I n  t h e  case c ) ,  t h e  p s e u d o s c a l a r  cou ,p l ing  c o n s t a n t  i s  

z e r o ,  which means t h a t  t h e  p s e u d o s c a l a r  f i e l d  i s  d y n a m i c a l l y  de -  

coup led  a t  l ea s t  w i t h i n  our a p p r o x i m a t i 9 n  from t h e  r e s t  of  t h e  

s y s t e m .  It i s  r a t h e r  r emarkab le  t h a t  one can s t i l l  t a l k  a b o u t  

symmetry, but t h e  s i g n i f i c a n c e  of  such  a s o l u t i o n  i s  n o t  y5 
c l e a r .  

F i n a l l y ,  t h e  t h i r d  c o n d i t i o n  ( 3 . l c ) ,  t o g e t h e r  w i t h  

E q s .  ( 2 . 3 b )  a n d ( 2 . 3 ~ )  means 

2 
S - m  .? = A3s’Z3s - A3.p’z3,p 

2 m ( 3 . 9 )  

T h i s  e q u a t i o n ,  however,  does  n o t  amount t o  a s e l f - c o n s i s t e n c y  

r e q u i r e m e n t  i n  o u r  ap .proximat ion  where t h e  r i g h t - h a n d  s i d e  i s  

independen t  o f  ms and m 
2 2 mean m = m , and m 

S P 0 

. Our s o l u t i o n s a )  and b ’ )  c l e a r l y  

i t s e l f  w i l l  t e n d  t o  cd as 
P 

+ 0 .  z3s ’ z3.P 

The e q u a l i t y  o f  t h e  s c a & a r  and p s e u d o s c a l a r  meson 

masses i n  t h e s e  cases a )  and b l )  are o n l y  due t o  o u r  a,p,proxima- 

t i o n  o f  k e e p i n g  t h e  l e a d i n g  d i v e r g e n t  terms. I f  we t a k e  i n t o  

a c c o u n t  t h e  c o r r e c t i o n  t e r m s ,  a l l  t h e  e x , p r e s s i o n s  i n  Eq .  (3 .1)  
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@ P- 

, --i 

+ 

d 

. 

w i l l  have to be m o d i f i e d ,  and s o  will t h e  s o l u t i o n s  (3 .8)  and 

= A may be  2 2 ( 3 . 8 ' ) .  The f i r s t  o r d e r  mass s p l i t  ms - m P 

o b t a i n e d  b y  , p u t t i n g  

and t h e  A's. We f i n d  

ms = rn ,p ' and s = ,p i n  corn,puting t h e  Z ' s  

N e g l e c t i n g  t h e  d i f f e r e n c e  of t h e  2 3 Is s i n c e  i t  i s  c o n v e r g e n t ,  

w e  ge t  ( f o r  t h e  cases a )  and b l  ) )  

m 2 - m  2 = i 6 p ~ ~ / z ~  > 0. (3.11) 
S P 

It has o f t e n  been a s s e r t e d  l y 4  t h a t  t h e  b r e a k i n g  o f  y 5 
i n v a r i a n c e  i n  o u r  f a s h i o n  s h o u l d  n e c e s s a r i l y  l ead  to m F = 0. 

T h i s ,  however,  i s  a r a t h e r  s u b t l e  p r o p e r t y  which does  n o t  f o l l o w  

from o u r  fo rmulas  a l o n e .  The r e s u l t s  of t h e  p r e s e n t  ,paper  a re  

i n d e p e n d e n t  of  t h i s  q u e s t i o n .  

I V .  V e c t o r  Meson Model w i t h  I s o s p i n  

We c o n s i d e r  here  a s imple g e n e r a l i z a t i o n  of t h e  p r e -  

c e d i n g  model b y  a s suming  a fe rmion  f i e l d  of  i s o s p i n  1/2, a 

scalar ( s ) ,  a p s e u d o s c a l a r  ( p ) ,  and a v e c t o r  f i e l d  o f  i s o s p i n  

0, and a p s e u d o s c a l a r  ( P I )  f i e l d  o f  i s o s p i n  1. If Gso = G .P 0 , 
we have a simple y 5 i n v a r i a n c e ,  and i f  Gso = G P I 0 , w e  have an  

i s o t o p i c  y i n v a r i a n c e .  The f o r m e r  t u r n s  o u t  to have o n l y  one 

s o l u t i o n :  p = 0, c o r r e s p o n d i n g  to c a s e  c )  o f  Eq .  (3.8), due to 

t h e  f a c t  t h a t  t h e  c o n d i t i o n  Z 2 0 canno t  be met i n  t h e  o t h e r  

5 

3v 
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cases .  So w e  sha l l  c o n s i d e r  i n  t h e  following o n l y  t h e  i s o t o p i c  

i n v a r i a n c e .  Eq.  (3 .1)  i s  now rep laced  b y  y5 

E q s .  ( 3 . 2 )  and ( 3 . 3 )  are r e p l a c e d  b y  

and  . s + p + 3.p' + 2v G 1 (4.3) 

r e s p e c t i v e l y .  The t w o  c r u c i a l  r e l a t i o n s  ( 3 . 4 )  and  (3 .7 )  a re  r e -  

p l aced  by  

- 2s + 2p + 6.p' + 8~ = 1 , ( 4 . 4 a )  

( 4 . 4 b )  2 P'(:S + ,p + p ' )  (1-8s) = O . X : s ( 1 - 8 ~ ' )  = O 

r e s p e c t i v e l y ,  s i n c e  t h e  Z ' s  r e d u c e  s imp y t o  
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= -4s + 4.p + 1 2 p '  
1 P z 

= -4s + 4.P + 4.P ' Z 
1.P ' (4.5) 

Eqs .  (4.4a) and ( 4 . 4 b )  e x p r e s s  two c o n d i t i o n s  among t h e  f o u r  con- 

s t a n t s  s ,  ,p, p '  and v .  

P r o c e e d i n g  as b e f o r e ,  we get t h r e e  s o l u t i o n s  

= z  = o  
z1 s 1.P ' 4 s = P + .PI ,  

b )  s = .PI = 1/8, P = 0, v = 1/16 

= 0. z1 s = 1, 
3.P I 

c )  p '  = 0, z (4.6) 

V.  Conclus ion  

The moral  of  t h i s  a d m i t t e d l y  c rude  s t u d y  seems to be 

the  f o l l o w i n g :  

a )  The a s sumpt ion  t h a t  t h e  f e rmion  mass a r i s e s  

e n t i r e l y  f rom i n t e r a c t i o n  w i t h  boson f i e l d s  i s  n o t  always s e l f -  

c o n s i s t e n t .  This as sumpt ion  i s  o n l y  p a r t  of t h e  y i n v a r i a n c e  

r e q u i r e m e n t  and may be im.posed on i t s  own mer i t  f rom a d i f f e r -  

e n t  p o i n t  o f  view. I n  p a r t i c u l a r ,  s p i n  0 f i e l d s  are n o t  

s u f f i c i e n t  t o  b u i l d  up  t h e  f e rmion  mass, b u t  a v e c t o r  f i e l d  w i l l  

do .  

5 

b )  Once t h e  fir'st c o n d i t i o n  i s  s a t i s f i e d ,  i t  i s  a l s o  

, p o s s i b l e  t o  impose t h e  f u l l  y i n v a r i a n c e  c o n d i t i o n  which -intra- 

duces  f u r t h e r  r e l a t i o n s  among t h e  c o u p l i n g  c o n s t a n t s .  
5 

c )  With t h e  ,presence  of  a v e c t o r  f i e l d ,  i t  i s  , p o s s i b l e  



t o  c o n s i d e r  t h e  scalar  and p s e u d o s c a l a r  mesons as composi te  i n  

t h e  s e n s e  t h a t  Z = 0.  But t h e  v e c t o r  meson i t s e l f  and t h e  

f e rmion  seem to remain e l e m e n t a r y  i n  t h e  models we have s t u d i e d .  
3 

We p o i n t  o u t ,  i n c i d e n t e l l y ,  t h a t  i f  o n l y  t h e  assump- 

Because of  t h e  r e l a t i o n  t i o n  a )  i s  k e p t ,  one can make Z2 = 0.  

( 2 . 3 a ) ,  one must demand A, = 0 f o r  c o n s i s t e n c y ,  s o  t h e  c o n d i t i o n  

a )  i s  a l s o  n e c e s s a r y  f o r  Z2 = 0 .  Taking  t h e  model o f  S e c t i o n  3 ,  

w e  f i n d  a s o l u t i o n  

- 

1 - 2s = 1/2 - 2v 

1 - 2.p =-1/2 + 6~ 

One e a s i l y  s e e s  t h a t  v and s c a n n o t  be z e r o ,  and t h a t  a l l  t h e  

mesons are e l e m e n t a r y .  It i s  i n t e r e s t i n g ,  p e r h a p s  , to compare 

t h i s  r e s u l t  w i t h  t h e  c o n j e c t u r e  r e g a r d i n g  t h e  "com,positeneSs" 

o f  a f e r m i o n ,  i n  which a v e c t o r  f i e l d  was found n e c e s s a r y  (but 

may n o t  be s u f f i c i e n t )  to make t h e  f e rmion  a , p o s s i b l e  Regge p o l e .  

16 

We thank  Dr. D. Lurif! f o r  u s e f u l  d i s c u s s i o n s .  



A,ppendix 

We sha l l  s t u d y  h e r e  t h e  p o s s i b i l i t y  of  assuming 

<Ids ( x ) )  0. I f  t h i s  i s  t h e  c a s e ,  we have an  e x t r a  c o n t r i -  

b u t i o n ,  to be  c a l l e d  Pi2: t o  t h e  fermiDn s e l f - e n e r g y  i n  a d d i -  

t i o n  to t h e  o r d i n a r y  t y p e  c a l l e d  M1. Thus  

The second l i n e  f o l l o w s  from t h e  equ.at ion of  mot ion  f o r  QS : 

All t h e  f i e l d s  h e r e  are unrenorma l i zed ,  and s o  i s  t h e  f e rmion  

, p r o p a g a t o r  s U ( x ) "  

Now t h e  r e n o r m a l i z e d  S ( x )  i s  e x p r e s s e d  i n  t h e  Lehmann 

r e p r e s e n t a t i o n  of t he  t y p e  
00 

where A (be) i s  the Feynman propagator with mass . Then one 

can  show t h a t  
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following Lehmann’s derivatbDn, but paying due attention to the 

fact that <@> 0. 

4 4 2 where A ( O )  (0) [-i/(27r) ]sd p/(,p -iE ) is quadratically 

divergent, whereas the remainder R is at most logarithmically 

divergent. Eq. (A.l) becomes, setting Mo = 0, 

= 

We note that both A ( O )  ( 0 )  and mso are quadratically divergent, 

so that Gso A ( ’ )  (o)/ms: = o(1). 
( M 2 / A 2 )  lTI ( A 2 / M 2 )  - 0 

consistent t o  assume 

self-energy comes f rom the ordinary type M 

Then M2/M is of the order of 

i n  our  h igh  c u t - o f f  limit. 

<gS> = 0 ,  and the bulk of the fermion 

Thus it is 

1‘ 
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