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ABSTRACT 

With a view t o  avoiding some of t h e  kinematical  and dynamical d i f f i c u l t i e s  

involved i n  t h e  s i n g l e  t r i p l e t  quark model, a model f o r  t h e  low l y i n g  baryons 

and mesons based on t h r e e  t r i p l e t s  with i n t e g r a l  charges i s  proposed, somewhat 

similar t o  t h e  two- t r ip l e t  model introduced e a r l i e r  by one of u s  ( Y .  N.  ) .  

shown t h a t  i n  a U(3) scheme of t r i p l e t s  with i n t e g r a l  charges, o n e ' i s  naturally 

l e d  t o  t h r e e  t r i p l e t s  l oca t ed  symmetrically about t h e  o r i g i n  of I -Y diagram 

under t h e  c o n s t r a i n t  t h a t  Nishijima-Gell-Mann r e l a t i o n  remains i n t a c t .  A double 

SU(3) symmetry scheme i s  proposed i n  which t h e  l a r g e  mass s p l i t t i n g s  between d i f -  

f e r e n t  r ep resen ta t ions  a r e  a sc r ibed  t o  one of t h e  SU(3), while  t h e  o ther  SU(3) 

i s  t h e  usua l  one f o r  t h e  mass s p l i t t i n g s  wi th in  a r ep resen ta t ion  of t h e  f i r s t  

It i s  

3 

su(3). 
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I. INTRODUCTION 

ia 

Although t h e  S U ( ~ )  symmetry s t rongly  i n d i c a t e s  t h a t  t h e  baryon i s  e s s e n t i a l -  

l y  a three-body system b u i l t  from some bas i c  t r i p l e t  f i e l d  o r  f i e l d s ,  t h e  quark 

model' i s  not e n t i r e l y  s a t i s f a c t o r y  from a r e a l i s t i c  po in t  of view, because ( a )  

t h e  e l e c t r i c  charges a r e  not i n t e g r a l ,  ( b )  t h r e e  quarks i n  s s t a t e s  do not form 

t h e  symmetric S U ( ~ )  r ep resen ta t ion  assigned t o  t h e  baryons, and ( c )  a simple dy- 

namical mechanism i s  lacking  f o r  r e a l i z i n g  only z e r o - t r i a l i t y  s t a t e s  as  t h e  low 

l y i n g  l e v e l s .  

These d i f f i c u l t i e s  may be  avoided i f  we introduce more than  one b a s i c  t r i p -  

2 l e t .  Recent ly  oneof us ( Y .  N . )  has attempted a two- t r ip l e t  model where t h e  mem- 

b e r s  of t h e  t r i p l e t s  tl and t2 had t h e  charge assignment ( l , O , Q - >  and (0,-1,-l), 

as had been proposed e a r l i e r  by %cry e t .  a l . 3  The baryon would be represented  

by t h e  combination t t t whereas t h e  mesons would correspond t o  some combina- 

t i o n - a t  c' -I- b t 2 z t 2 .  The t r i p l e t s  2 r e  assumed t o  have masses l a r g e  compared 1 1  

t o  t h e  baryon mass, which would mean t h a t  baryons and mesons have very  l a r g e  

1 1 2' 

binding energ ies .  A dgnamical mechanism f o r  t h i s  i s  provided by a n e u t r a l  f i e l d  

coupled s t rong ly  t o  t h e  "charm number 

t h e r e f o r e  C = 0 f o r  baryons and mesons. I n  analogy with e l e c t r o s t a t i c  energy, 

ti4 C, which i s  1 f o r  tl and -2 f o r  t2, and 

w e  can argue t h a t  t h e  p o t e n t i a l  energy due t o  t h e  charm f i e l d  would be t h e  lowest 

when t h e  system i s  "neutral" ,  namely C = 0. Thus a l l  o the r  unwanted configura- 

t i o n s  with C # 0, which inc lude  among o t h e r s  t r ip le&,  sex te t ,  e t c .  representa-  

t i ons ,  would have high masses, and hence would not be e a s i l y  observed. 

There have been proposed two d i f f e r e n t  ways i n  which t o  introduce b a s i c  t r i p -  

l e t  o r  t r i p l e t s  with i n t e g r a l  charges.  One approach e s s e n t i a l l y  involves  a modi- 

f i c a t i o n  of t h e  Nishijima-Gell-Mann r e l a t i o n  by way of in t roducing  an a d d i t i o n a l  

quantum number, t h e  t r i a l i t y  quantum number,5 and t h i s  has l e d  t o  cons idera t ions  
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6 of higher  symmetry schemes based on rank t h r e e  Lie  groups. On t h e  o the r  hand, 

Okubo e t .  a l . 7  have r e c e n t l y  shown t h a t  t h e  ~ n i m a l  group requi red  f o r  t h i s  pur- 

8 pose i s  a c t u a l l y  t h e  group U ( 3 ) .  It i s  shown t h a t  a t r i p l e t  scheme may be de- 

f i n e d  i n  U ( 3 )  such t h a t  t h e  t r i p l e t  always possesses  i n t e g r a l  va lues  of charge 

and hypercharge and sat isf ies  t h e  Nishijima-Gell-Plann r e l a t i o n  without a modifi-  

ca t ion .  The U ( 3 )  t r i p l e t  considered by Okubo e t .  a l .  i s  of Sakata-type; i . e .  it 

c o n s i s t s  of an iso-doublet  and an i so - s ing le t .  Actua l ly  t h e  U ( 3 )  scheme i s  much 

more appeal ing than  those  of t h e  rank t h r e e  Lie  groups on two accounts:  

t h e  Nishijima-Gell-Mann r e l a t i o n  i s  s a t i s f i e d  u n i v e r s a l l y  by t r i p l e t s  as by o c t e t s  

f i r s t l y ,  

and decuple ts  and secondly, as far as t h e  h i t h e r t o  r e a l i z e d  r ep resen ta t ions  a r e  

concerned, U ( 3 )  i s  equivalent  t o  SU(3). 9 

I n  what follows, we show t h a t  t h e  U ( 3 )  scheme, when f u l l y  u t i l i z e d  as des- 

c r ibed  below, n a t u r a l l y  and uniquely l eads  t o  a set  of t h r e e  b a s i c  t r i p l e t s  with 

i n t e g r a l  charges,  namely an I - t r i p l e t  ( iso-doublet  and i s o - s i n g l e t ) ,  a U- t r ip l e t  

(U-spin doublet  and U-spin s i n g l e t )  and a V- t r ip le t  (V-spin doublet  and V-spin 

s ing le t ) . "  These t r i p l e t s  a r i s e  from t h r e e  d i f f e r e n t  ways of de f in ing  charge 

Q, hypercharge Y, and a displaced i sosp in  I i n  t h e  U(3) group as opposed t o  the  
3 

SU-(3), i n  such a way t h a t  t h e  charge and hypercharge have i n t e g r a l  values ,  while 

keeping t h e  Nishijima-Gell-Mann r e l a t i o n  i n t a c t  and they  d i f f e r  from each o the r  

i n  t h e i r  quantum number assignments as w e l l  as i n  t h e i r  t ransformat ion  p r o p e r t i e s  

under t h e  Weyl r e f l e c t i o n s .  T h i s  i s  descr ibed  i n  Sec t ion  11. I n  Sec t ion  111, 

a double SU(3) symmetry scheme i s  proposed based on t h e  t h r e e - t r i p l e t  model i n  

which t h e  l a r g e  mass s p l i t t i n g s  between d i f f e r e n t  r ep resen ta t ions  a r e  a sc r ibed  

t o  one of t h e  SU(3) and t h e  o the r  SU(3) is, as usual ,  r e spons ib l e  f o r  t h e  mass 

s p l i t t i n g s  wi th in  a r ep resen ta t ion .  

be taken as s i n g l e t s  with r e spec t  t o  one of t h e  SU(3). 

The low l y i n g  baryon and meson s t a t e s  may 

The extended symmetry 

group with r e spec t  t o  t h e  S U ( ~ )  sTymmetry i s  b r i e f l y  discussed.  
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8 
11.;- THREE TRIPLFTS 

We s h a l l  denotethe i n f i n i t e s i m a l  genera tors  of U ( 3 )  by A$ which s a t i s f i e s  

t h e  fol lowing commutation r e l a t i o n s :  

where a l l  i n d i c e s  t a k e  on t h e  va lues  1, 2 and 3. 

m a l  genera tors  B; 

The corresponding i n f i n i t e s i -  

of SU(3) a r e  then given by 

which s a t i s f y  t h e  fol lowing equations: 

and 

B k  =O 
0 

Furthermore, t h e  u n i t a r y  r e s t r i c t i o n  g ives  

(4) 

Let us now b r i e f ly  summarize t h e  r e l e v a n t  r e s u l t s  of Okubo e t .  a l .  I n  t h e  

SU( .3)  scheme, t h e  charge Q, t h e  hypercharge Y and t h e  t h i r d  component of i s o s p i n  

I a r e  i d e n t i f i e d  as follows: 
I 2  

3 
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1 Q = -B1 

(by t h e  r e l a t i o n  ( 4 )  ) 3 
3 1 - B2 Y = B  = -B 

2 1 I = 112 (Be - Bl) 3 0 

N W  N 

I n  t h e  U ( 3 )  scheme, t h e  corresponding q u a n t i t i e s  Q, Y and I 

lows : 

a r e  def ined  as fol- 3 

tu 
Y = -A1 - A: = Y - 213 Z 1 

.2 1 h/ 

I 3 = 112 (A2 -Al) = I 3  

where 

T = A L + A  1 2 3  + A  
2 3’ 

With t h e s e  d e f i n i t i o n s ,  t h e  Nishi j ima-Gell-knn r e l a t i o n  i s  seen t o  be equal ly  

s a t i s f i e d  by t h e  U ( 3 )  and SU(3) t h e o r i e s ,  i.e. 

(9) Q = I + 1/2Y 
3 

and 
r w -  & 

Q = I + 1/2Y , 
3 

.. ” ~ 

1 2  3 
2 3 re spec t ive ly .  Since t h e  genera tors  A1, A and A possess i n t e g r a l  eigenvalues 

i n  any r e p r e ~ e n t a t i o n l ~ ,  t h e  i d e n t i f i c a t i o n s  of Q and Y t o  be t h e  charge and t h e  
h) f4 
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hypercharge r e s p e c t i v e l y  i n  U(3) theory  s h a l l  always lead  t o  i n t e g r a l  va lues  f o r  

t h e  charge 

s e n t a t  ion, 

8= ( 

and t h e  hypercharge. I n  p a r t i c u l a r ,  

t h e  U(3) t r i p l e t  has t h e  eigenvalues 

i n  t h e  three-dimensional r e p r e t  

This t r i p l e t  corresponds t o  t h e  Sakata t r i p l e t  which we c a l l  a n i I - t r i p l e t  f o r  

sho r t .  

We can now gene ra l i ze  t h e  above cons t ruc t ions  of t h e  U(3) t r i p l e t  i n  t h e  

fo l lowing  way. Comparing (6b) and (7%) we see t h a t  a p a r t i c u l a r  choice has been 
rv 

made f o r  Y. Had we def ined y t o  be A3 it would s t i l l  have i n t e g r a l  eigenvalues 3' 
& but  t h e  r e l a t i o n  (10) would have been v io l a t ed .  This i s  because B h  = 0 i n  SU(3) 

)c but A;, # 0 i n  genera l  i n  U(3) and thus  some ca re  i s  needed i n  de f in ing  cor res -  

ponding q u a n t i t i e s  i n  U(3). Making use of (b), t h e  d e f i n i t i o n  i n  (6) can be 

w r i t t e n  more gene ra l ly  as: 

2 3  
3 = B 2 + B  1 Q = -B1 

3 1 2  
2 3 Y = B = -Bl -B 

I = 1/2 (B2 2 1  - B1) = 1/2 (2B2 2 + B:) = -1/2 (2B1 1 . 3  +B3), 3 

A s  i n  ( 7 ) ,  r ep lac ing  B$ ' s  i n  (12) by corresponding A $  's, we l i s t  a l l  p o s s i b l e  

candida tes  f o r  t h e  corresponding q u a n t i t i t e s  i n  U ( 3 )  which a r e  now however not 

equiva len t  t o  each o the r  ( they  a r e  equivalent,  of course, when reduced t o  SU(3).), 

i .e .  
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1 2 3  
3 

N 
Q: -A1 , A2 + A 

3 1 3  rv 
: 1/2 (A: -Ai) , 1/2 (2Ag + A3)- , -1/2 (2A1 + A3) .  I3 

To start with, the alternative choices in (13) provide twelve inequivalent 
r y h r  - 

ways in which to choose a set of three quantities Q, Y and I 

In every choice Q and Y will have integral eigenvalues, but as can be easily checked 

the Nishijima-Gell-Mann relation will hot be valid for  all of them. 

are only three cases for which it is valid and we are thus naturally led to three 

inequivalent triplets in the U(3) scheme; they are defined by the following three 

choices : 

for the U(3) scheme. 3 
N hr 

In fact, there 

2 1  0 

I = 1/2 (A2 -Al) N 1 2  Y = -A -A 1 ru 

1 ’  1 2 ,  3 tI: Q = -A 

h/ 3 )’ y = A  /r/ I3 = 1/2 (2A2 2 3  + A  ) 
3 ’  3 ’  3 tu: Q = A2 + A 

Now the first one, tI, f o r  which 

n 
rr/ 2 1  2 1 I = 1/2 (A2 -A1) = 1/2 (B2 - Bl) = I 3 3 

corresponds to the I-triplet mentioned above. 
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The s t r u c t u r e  of t h e  remaining t r i p l e t s  t and t can be brought t o  much 

more t r anspa ren t  and symmetric forms i n  terms of t h e  U-spin and V-spin subal-  

gebras.” As i n  t h e  case of r e l a t i o n s  (9) and (10) f o r  SU(3) and U(3), we de- 

f i n e  t h e  U- and V-spin of U ( 3 )  i n  exac t ly  t h e  same forms as i n  SU(3) except t h a t  

a l l  q u a n t i t i e s  a r e  t i l d e d  q u a n t i t i e s .  

U V 

From t h e  SU(3) definitions’‘, we then  have 

-A3 Y N 

Y u = - Q  = - A  2 3  

2 2 h / h ,  h/ 

U = Y - 1/2Q = 1/2 (A: - A2j = 1/2 (B3 - Be) = U 
3 3 3 

f o r  (14b), and 

M - 4  1 3  1 
V3 = -1/2 (y  + Q) = 1/2 (A1 - A3)- = 1/2 (B1 - B:) 

= v3 

f o r  (14c) .  

t i v e l y  and hence t h e  n o t a t i o n s  tI, tu and t 

(quark), t h e s e  U ( 3 )  t r i p l e t s  have t h e i r  r e s p e c t i v e  ”hypercharges” ( i .e .  Y, Yu and 

Yv) s h i f t e d  by t h e  moun t  of 2/3 and as such they  have q u i t e  d i f f e r e n t  t r a n s f o r -  

which a r e  r e f l e c -  mation p r o p e r t i e s  under t h e  Weyl r e f l e c t i o n s  W1, W2 and W 

t i o n s  about t h e  a x i s  I = 0, U = 0 and V = 0 respec t ive ly .  Whereas t h e  SU(3) 

t r i p l e t  i s  i n v a r i a n t  under a l l  t h r e e  Weyl r e f l e c t i o n s ,  t h e  U(3) t r i p l e t s  a r e  not.  

They t ransform according t o :  

They correspond, t he re fo re ,  t o  a U- t r ip l e t  and a V - t r i p l e t  respec- 

With r e spec t  t o  t h e  SU(3) t r i p l e t  v * .  

3 

3 3 3 

I ’ wl: tI+t 

V t *t U ’  I w2: t + t  U 
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yc, cv 
Figure l a  and Table l a  l i s t  t h e  quantum numbers I and Y f o r  t h e  s i n g l e  t r i p l e t  

(quark)  model; a poss ib l e  a s s ign ren t  impl ied 'by  t h e  two- t r ip l e t  model2 i s  shown 

i n  F igure  l b  and Table l b ;  t h e  corresponding quantum numbers f o r  t h e  t h r e e - t r i p -  

l e t  model a r e  given i n  Figure IC and Table IC. 

3 

111. DOUBLE SU(3). SYMMETRY 

Let u s  c a l l  t h e  t h r e e  t r i p l e t s  tl (=t ), t (=t ) and t (=t,). Each t r ip -  I 2 U  3 - - hr ry 

l e t  may be cha rac t e r i zed  i n  general  by t h e  average values,  I and Y, of I and Y 3 3 
f o r  i t s  t h r e e  members. This  s p e c i f i e s  t h e  loca t ion  of t h e  cen te r  of t h e  t r i p l e t  

N N  

i n  t h e  I -Y diagram. Since xi = = x3 = 213, Eq. (14) gives  f o r  t h e  3 3 
ry hr 

t h r e e  d e f i n i t i o n s  of I and Y 
3 

r e spec t ive ly ,  whereT=-1 for  a l l  t h e  t r i p l e t s .  

3 

We may de f ine  new q u a n t i t i e s  I 3' 

Y and Q = I + Y/2 by t h e  r e l a t i o n s  

N 
I =I + I  3 3 3  

N 

Y = Y + Y  

It i s  c l e a r  t h a t  I and Y p l a y  t h e  r o l e  of SU(3) genera tors  w i th in  each t r ip l e* .  3 



The charm number C def ined  

(1/3)c = G = I3 + (1/2)Y 

Now it i s  i n t e r e s t i n g  
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i n  t h e  two- t r ip l e t  model2 i s  then  

(24) 

t o  no te  t h a t  according t o  Eq. (22) and Figure IC, t h e  

c e n t e r s  of t h e  t h r e e  t r i p l e t s  form a n  a n t i - t r i p l e t ,  equivalent t o  an anti-quark,  

symmetrically loca t ed  around t h e  o r ig in .  

t h e  t h r e e  t r i p l e t s  tld, 

p l e t  T = { tis}, i = 1, 2, 3. 

opera t ions  on T. One i s  t h e  SU(3) a c t i n g  on t h e  index c( f o r  each t r i p l e t ,  while 

t h e  o the r  SU(3) a c t s  on t h e  index i, which mixes corresponding members of d i f f e r -  

ent  t r i p l e t s .  

SU( 3) ' ' .14 The q u a n t m  numbers of SU( 3) ' and SU(3) ' ' a r e  i d e n t i f i e d  as I3 = 13, 

Y '  = Y, I" = I and Y" = Y. i n  Eq. (22), so t h a t  

Let u s  suppose t h a t  t h e  n ine  members of 

t U=1, 2, 3 be combined i n t o  a s i n g l e  mul t i -  

We can then  imagine two d i s t i n c t  s e t s  of SU(3) 
t 2 a ,  3dL' 

T i s  then  a r ep resen ta t ion  (3, 3*) of t h i s  group GESU(~)' x 

I 

- 
3 3 

Iv 
Q = I '  + I" +(1/2)Y' +(1/2)Y", 3 3  

(1/3)0 = I;!.. +(1/2)~" 

A genera l  r e p r e s e n t a t i o n  of G may be cha rac t e r i zed  by four numbers p',  q ' ,  

p", q" so  t h a t  D , ( p ' ,  q ' ,  p", q")-D ( p ' , q ' )  x D (p", q") where D (p ,q)  i s  

a r ep resen ta t ion  of SU(3). However, i n  our s'kheme where t h e  nonet T i s  t h e  fun- 

damental f i e l d ,  we do not ge t  a l l  t h e  p o s s i b l e  r ep resen ta t ions  of G. 

i l l u s t r a t e d  by means of t h e  t r i a l i t y  numbers5 t '  = p' -9' mod ( 3 ) ,  

mod (3 ) .  

of T and T* then  s a t i s f y  t '  = -t". 

Let u s  next consider t h e  meson and baryon,.  s t a t e s - T F  and -TTT. 

This can be 

t ' '  = p" -q" 

The nonet T has t '  =1, t" = -1. All r ep resen ta t ions  cons t ruc ted  out 

The SU(3)' 

x SU(3)" contents  of t h e s e  81- and 729-plets a r e  
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It i s  an a t t r a c t i v e  p o s s i b i l i t y  t o  pos tu l a t e  a t  t h i s  po in t  t h a t  t h e  energy l e v e l s  

a r e  c l a s s i f i e d  according t o  SU(3)". The masses w i l l  then depend on t h e  Casimir 

opera tors  of SU(3)". For Example, a sirrrple l i n e a r  form w i l l  be 

m = m  + m ~  " + m ~  I' (27) 
0 2 2  3 3 '  

where C l  , C "  a r e  t h e  eigenvalues of quadra t ic  and cubic Casimir operators  of 

SU(3)". 

Cg. 

mass l e v e l s  w i l l  be SU(3)" s i n g l e t s .  This s e l e c t s  t h e  low ly ing  meson and baryon 

s t a t e s  t o  be (8,1), (1,l) and (8,1), (l,l), (10,l) respec t ive ly .  In  general ,  a l l  

low ly ing  s t a t e s  w i l l  have t r i a l i t y  zero, t '  = t" = 0. 

3 
I n  partivular we may assume t h a t  t h e  main mass s p l i t t i n g  comes from 

Since t h i s  increases  with t h e  dimensional i ty  of representa t ion ,  t h e  lowest 

A s  f o r  t h e  baryon number assignment t o  t h e  t r i p l e k s ,  t h e  simplest  p o s s i b i l i t y  

would be t o  ass ign  an equal  baryon number, 5.e. B = 1/3, t o  them. 

t h e  t r i p l e t s  themselves would be e s s e n t i a l l y  s t ab le ,  and t h e i r  nine members would 

behave l i k e  an o c t e t  p l u s  a s i n g l e t  of "heavy baryons" as may be seen from Fig.  

1' IC. 

t2, t3). 

gin  of t h e  Okubo-Gell-Mann mass formula. 

I n  t h i l s  case 

Another simple p o s s i b i l i t y  may be B = l/3 + Y", namely B = (1,0,0) f o r ( t  

We expect a mass s p l i t t i n g  depending on B or Y", which may be t h e  o r i -  

The advantage of t h e  t h r e e - t r i p l e t  model i s  t h a t  t h e  SU(~) symmetry can be 

The extended symnetry group becomes now e a s i l y  r e a l i z e d  with s - s t a t e  t r i p l e t s .  

SU(~)' x SU(3)". 

p r i n c i p l e  r equ i r e s  t h e  baryon s t a t e s  t o  be t h e  symmetric SU(~)- 56-pi&. 

Since an SU(3)" s i n g l e t  i s  antisymmetric, t h e  o v e r a l l  Paul i  

Other 
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I 

F3 

SU(~) r ep resen ta t ions  such as t h e  70, w i l l  be obtained by br inging  i n  e i t h e r  t h e  

o r b i t a l  angular  momentum o r  t h e  I t  p -spin" of t h e  Dirac sp inor  t r i p l e t s .  

A s  i n  t h e  t w o - t r i p l e t  model mentioned i n  t h e  In t roduct ion ,  t h e  mass formu- 

l a  of t h e  type  (27) may be der ived  dynamically. 

f i e l d ,  we in t roduce  now e igh t  $ge vector f i e l d s  which behave as (1,8), namely 

as an o c t e t  i n  SU(3)", but as s i n g l e t s  i n  SU(3)'. 

i nd iv idua l  t r i p l e t s  i s  propoet iona l  t o  h" i 

a c t i o n  energy a r i s i n g  from t h e  exchange of t h e s e  vec tor  f i e l d s  w i l l  y i e l d  t h e  

f i r s t  and second terms of Eq. ( 2 7 ) .  

Ins t ead  of t h e  charm number 

Since t h e i r  coupling t o  t h e  

( t h e  genera tors  of SU(3)"), t h e  i n t e r -  

I f  t h e s e  mesons obey aga in  a similar type  J 

of mass formula, t hey  w i l l  be expected t o  be massive compared t o  t h e  ord inary  

mesons. However, it i s  not c l e a r  whether t h e  r e s u l t i n g  shor t  range cha rac t e r  

of t h e  i n t e r a c t i o n  can be r e a d i l y  reconci led  with t h e  p o s t u l a t e d  la rgeness  of t h e  

i n t e r a c t i o n  energy. 

We may c h a r a c t e r i z e  t h e  h i e ra rchy  of i n t e r a c t i o n s  and t h e i r  symmetries in- 

p l i e d  by t h e  above model as follows. F i r s t ,  t h e  superstrong i n t e r a c t i o n s  respon- 

s i b l e  f o r  forming baryons and mesons have t h e  symmetry SU(3)" , and causes l a r g e  

mass s p l i t t i n g s  between d i f f e r e n t  r ep resen ta t ions .  The s c a l e  of mass involved 

would be comparable o r  l a r g e  compared t o  the  baryon mass, n a m e l y 2  1 Bev. The 

lowest s t a t e s ,  i .e.  SU(3)" s i n g l e t  s t a t e s ,  would spl i t  according t o  SU(3)', 

which would be t h e  SU(3) group observed among t h e  known baryons and mesons, with 

t h e i r  s t r o n g  i n t e r a c t i o n s .  The s c a l e  of mass s p l i t t i n g  would then  be 5 1 Bev. 

When we go t o  t h e  massive SU(3)" non-singlet  s t a t e s ,  t h e r e  may very  w e l l  be 

coupling between t h e  two SU(3) groups similar t o  t h e  L'S coupling. 

should be c l a s s i f i e d  i n  terms of t h e  t h r e e  s e t s  of Casimir opera tors  formed out 

The l e v e l s  

of hl, If and xi = k! hl' r e spec t ive ly .  The s p l i t t i n g  due t o  t h e  coupl- i' i + i  

i n g  would n a t u r a l l y  be in te rmedia te  between t h e  above two s p l i t t i n g s ,  namely-1 

Bev. Because of t h i s  coupling, t h e  sepa ta t e  conservat ion of t h e  two SU(3) spins,  
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and Y '  on t h e  one hand, and I " and Y" on t h e  o ther ,  would be destroyed, and 

and Y = Y '  + Y" would be conserved under s t rong  in-  

I3 ' 3 
only t h e  sums I = I ' + I 

t e r a c t i o n s .  This i n  t u r n  would mean t h a t  a l l  t h e  massive s t a t e s  a r e  i n  genera l  

h igh ly  uns tab le ,  and decay s t rong ly  t o  t h e  low l y i n g  s t a t e s .  ( I n  t h e  two-tr ip-  

l e t  model, we conskdered only weak decays of C # 0 s t a t e s .  

a r e  a l s o  a p o s s i b i l i t y  as i s  contemplated here . )  

3 3  3 

But s t rong  decays 

We have d iscussed  here  a poss ib l e  model of baryons and mesons based on t h r e e  

t r i p l e t s .  

ready? C e r t a i n l y  d i f f e r e n t  models p r e d i c t  considerably d i f f e r e n t  s t r u c t u r e  of 

massive s t a t e s .  These s t a t e s  are cha rac t e r i zed  by t h e  t r i a l i t y  f o r  t h e  quark 

model, by t h e  charm number f o r  t h e  two- t r ip l e t  model and by t h e  SU(3)" represen-  

t a t i o n  f o r  t h e  p re sen t  t h r e e - t r i p l e t  model. If we r e s t r i c t  ourse lves  t o  t h e  low 

l y i n g  s t a t e s  only, however, it seems d i f f i c u l t  t o  d i s t i n g u i s h  them without mak- 

i n g  more d e t a i l e d  dynamical assumptions. 

How can w e  d i s t i n g u i s h  t h i s  and o the r  d i f f e r e n t  models mentioned a l -  
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FIGURE CAPTIONS 

Figure la .  

Figure lb. The Two-Triplet Model 

Figure IC. The Three-Triplet  Model 

The Single  T r i p l e t  (quark) Model 
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