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TRIPIXTS, STATIC SU(~), AND SPONTANEOUSLY 

BROKEN CHIRAL SU(3) S!tMGTRY 

Y. Nambu 

The Enrico Fermi I n s t i t u t e  f o r  Nuclear Studies  and 

Department of Physics, t he  Universi ty  of Chicago, 

Chicago, I l l i n o i s  

I would l i k e  t o  present  here my view of the  cur ren t  problems 

of elementary p a r t i c l e  theory.  It i s  l a rge ly  insp i red  by t h e  recent  

successes of SU(3) and S U ( ~ )  symmetries, and more or l e s s  summarizes 

what I have been pursuing l a t e l y .  For the  d e t a i l s  of ind iv idua l  

problems I m u s t  r e f e r  t o  t h e  o r i g i n a l  papers.  However, what i s  

emphasized here  i s  not t h e  details ,  but a coherent o v e r a l l  p i c t u r e  

p lus  some speculat ions which cannot yet  be formulated prec ise ly .  
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I. T r i p l e t s  

a )  The successes of t h e  "Eightfold Way"' and of the  recent SU(~) 
2 poin t  very s t rongly  t o  t h e  p o s s i b i l i t y  t h a t  t he re  i s  h i t h e r t o  theory  

unsuspected subs t ruc ture  i n  a l l  t h e  hadrons we know up t o  now. 

may not be the  consensus of most phys i c i s t s ,  but t h i s  seems t o  me t h e  

most n a t u r a l  way t o  i n t e r p r e t  those successes, and besides would pro- 

vide us w i t h  a very r e f r e sh ing  and probably use fu l  po in t  of view even 

i f  it d id  not t u r n  out t o  be subs tan t ia ted .  

This 

By subs t ruc ture  of course I mean t h a t  t h e  known hadrons a r e  made 

3 up of more fundamental subunits . 
a r e  a mere mathematical concept a s  c a r r i e r s  of t he  SU(3) or SU(~) 

quantum numbers, or they  a l s o  car ry  momentum and energy, e s p e c i a l l y  

with a w e l l  defined mass. Even i f  they have not been observed yet ,  I 

t h i n k  t h e  p h y s i c i s t s  w i l l  l e a r n  more by assuming t h e i r  r e a l i t y  u n t i l  it 

i s  proven otherwise. Coming down t o  a more t echn ica l  l eve l ,  people 

The main question i s  whether they 

have indeed u t i l i z e d  t h e  "quark" f i e l d s  t o  w r i t e  down cu r ren t s  and 

Hamiltonians a s  i n  t h e  ordinary f i e l d  theory, and have derived i n t e r e s t -  

ing and usefu l  consequences out of it. It is most natural then  to i n -  

clude t h e  quark s t a t e s  f o r  a ccanplete desc r ip t ion  of t h e  H~'Ib@t't 

space of t h e  world. 

b) Granting t h e  r e a l i t y  of fundamental subnuclear p a r t i c l e s ,  t h e  

next question i s  t h e i r  p r o p e r t i e s  and var i e ty .  These a r e  in t imate ly  

r e l a t e d  t o  t h e i r  s t a b i l i t y ,  charge assignment, and t h e  more dynamical 

problem of cons t ruc t ing  t h e  known hadrons (low l y i n g  l e v e l s ) .  I w i l l  

e s p e c i a l l y  d iscuss  t h e  following models among o the r  th ings :  
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Q 1. One t r i p l e t  (Quarks) 3 J  

2. One qua r t e t  5 ,  6, 

3 .  Two t r i p l e t s  (Trions) 678 

7 4. Three t r i p l e t s  

Although t h e  quark model i s  most econimical and most b a s t i c ,  

t h e r e  a r e  some merits i n  considering other  models too, which can avoid 

f r a c t i o n a l  charges and therefore  a l s o  t h e i r  absolute  s t a b i l i t y .  The 

q u a r t e t  model, however, does not adapt i t s e l f  e a s i l y  to Su(6) sym- 

metry. The two- and t h r e e - t r i p l e t  models a r e  good on t h i s  po in t .  I n  

t h e s e  models mesons ( M )  and baryons (B) a r e  constructed schematically 

a s  M 7 . -  

- 
t E or  t2t2, B ~1 t t t 11  1 1 2 ’  

M r . .  t 5 + t2X2 + t C B * . / t  t t 
11  3 3’ 1 2 3  

and 

respec t ive ly .  An i n t e r e s t i n g  point  i s  t h a t  we can u t i l i z e  t h e  e x t r a  

quantum numbers (supercharge or charm i n  the  two- t r ip le t  model, and 

t h e  second (SU(3) quantum numbers i n  t h e  t h r e e - t r i p l e t  model) t o  ac- 

count f o r  t h e  f a c t  t h a t  t h e  low ly ing  l e v e l s  of hadrons a r e  a l l  

t r i a l i t y  zero s t a t e s ,  a s  we s h a l l  see i n  a moment. 

c )  Constructive and i n t e r a c t i v e  fo rces .  

The forces t h a t  bind the  fundamental t r i p l e t s  i n t o  orginary 

hadrons must be very s t rong  s ince  t h e  l a t t e r  a r e  presumably qu i t e  

massive ( r~ 10 

Yukawa I a m  inc l ined  t o  make a d i s t i n c t i o n  between cons t ruc t ive  

(superstrong) and i n t e r a c t i v e  (s t rong)  forces. 

tween t r i p l e t s  themselves, whereas t h e  l a t t e r  a r e  secondary fo rces  

a r i s i n g  from the  exchange of t h e  hadrons which a r e  i n  t u r n  formed a s  a 

whether they a r e  s t a b l e  or not .  With Professor  

The former a c t s  be- 



r e s u l t  of t h e  former. I n  the  two- o r  t h r e e - t r i p l e t  models, we may i n  

f a c t  devise a dynamical model i n  which t h e  construct ive forces  a r e  

coupled t o  t h e  e x t r a  quantum numbers. 

t r i a l i t y  zero states have t h e  s t rongest  binding and therefore  t h e  

lowest masses j u s t  a s  e l e c t r i c a l l y  n e u t r a l  systems have t h e  lowest 

e l e c t r o s t a t i c  energy. 

t u r e  of hadrons . It i s  a se l f -cons is ten t  dynamical p i c t u r e  i n  t h e  

sense t h a t  t h e  massiveness of t h e  t r i p l e t s  themselves a r e  a t t r i b u t e d  

t o  t h e  superstrong forces .  Besides t h a t ,  t hese  forces  w i l l  have 

s a t u r a t i o n  property,  namely f o r  t h e  low ly ing  s t a t e s  ( t r i a l i t y  zero) 

t h e  mass w i l l  increase more o r  l e s s  l i n e a r l y  with t h e  number of  

cons t i tuent  s . 

We can then  show t h a t  t h e  

I n  t h i s  way we a r r i v e  a t  a gross  l e v e l  s t r u c -  

9 

d) Observable e f f e c t s  of  subnuclear s t r u c t u r e .  

Our viewpoint concerning t h e  r e a l i t y  of t r i p l e t s  n a t u r a l l y  com- 

p e l s  us t o  search observable manifestat ions of t h e  presence of 

fundamental p a r t i c l e s  i n s i d e  hadrons, much l i k e  t h e  presence of 

e l e c t r o n s  i n  an atom o r  of nucleons i n  a nucleus. A s  one such example, 

we have pointed out t h a t  t h e  analog of t h e  A. Bok~s e f f e c t  may be pres-  

en t  i n  the  hyperfine s t r u c t u r e  of hydrogen'', if t h e  proton is  composed 

of slowly moving t r i p l e t s .  I n  f a c t  t h e  e f f e c t  i s  i n  t h e  r i g h t  d i r ec -  

t ion t o  remove the  present  discrepancy between theory and experiment. 

A 
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11. S t a t i c  SU(~) and Spontaneously Broken Ch i ra l  SU(3) 

a) J u s t  as I w a s  l e d  t o  the  exis tence of subnuclear u n i t s  i n  order 

t o  understand SU(3) and SU(~) symmetries, I am equal ly  j u s t i f i e d  t o  in-  

f e r  t h a t  t he  SU(~) symmetry i s  most e a s i l y  understood i f  t h e  cons t i tu -  

en t s  a r e  moving slowly in s ide  a.hadron so t h a t  we can t r e a t  the  system 

l i k e  an atom o r  a nucleus. I a m  w e l l  aware of one big difference,  

namely t h e  very s t rong  binding energy i n  the  present  case.  Although 

t h i s  does not necessar i ly  c o n f l i c t  with small average i n t e r n a l  ve loc i ty  

i n  a purely non- re l a t iv i s t i c  model ( l i k e  a square w e l l  p o t e n t i a l ) ,  I 

would r a t h e r  leave it as an unsolved t h e o r e t i c a l  d i f f i c u l t y  f o r  t he  

t ime being . 
Once we take  the  s t a t i c  aspect  of i n t e r n a l h a d r o n  dynamics a s  i t s  

c h a r a c t e r i s t i c  fea ture ,  then t h e  SU(6) symmetry need not be regarded a s  

something fundamental and i n t r i n s i c ,  but more l i k e  a dynamical accident ,  

j u s t  as  i n  nuclear  physics t h e  SU(4) i s  sometimes usefu l  b u t  by no 

means of fundamental s ign i f icance .  We a r e  reminded of t he  f a c t  t h a t  

i n  atomic and nuclear physics t h e  symmetry of t h e  sp in  wave funct ion 

i s  o r t en  determined i n d i r e c t l y  by t h e  symmetry of o r b i t a l  wave funct ion 

through t h e  i n t e r p l a y  of dynamical forces  and t h e  exclusion p r inc ip l e .  

b) Whether t h e  SU(6) symmetry i s  f'undamental o r  not, it might s t i l l  

be a use fu l  symmetry governing a l l  t h e  low ly ing  ( t r i a l i t y  zero)  hadrons. 

This i s  an i n t e r e s t i n g  and w o r t a n t  quest ion t o  be t e s t e d  experimentally, 

because we have i n  t h e  s t a t i c  model another, even simpler, p o s s i b i l i t y .  

This i s  t h e  g i n e t i c  SU(6) [ o r  SU(6) x SU(6)3 x O ( 3 )  i n  which t h e  exc i ted  

s t a t e s  of baryons and mesons correspond t o  o r b i t a l  exc i t a t ions  of t h e  

ground s t a t e s  ( k i n e t i c  supermul t ip le t s )  . 

t 

Since o r b i t a l  exc i t a t ions  do 



not change the  number of cons t i tuents ,  do not get  l a rge r  representa-  

t i o n s  of SU(3) than a r e  a l ready  fobnd i f i  t he  lowest l eve l s .  

example, t h e  higher meson resonances w i l l  be a good place t o  look a t  

as t h e  following t a b l e  shows. Besides the  obvious occurrence of 

s t r a n g e n e s s e  resonances i n  S U ( ~ )  189 and 405 mul t ip le t s ,  t h e r e  a r e  

more sub t l e  d i f f e rences  between S U ( 6 )  and k i n e t i c  supermult iplets .  

example, i n  m(6) cases the  s i n g l e t s  a r e  missing i n  1 s t a t e s ,  and the  

0 

For 

For 

+ 

+ mesons show inver ted  Okubo-Gell-Mann s p l i t t i n g  ( K <  n ) .  

c )  Ch i ra l  S U ( 3 )  symmetry 

F ina l ly  we would 11Xe t o  take up the  question of c h i r a l  ( y  ) 5 
symmetry. 

i n  t h e  systematics  of low ly ing  s t a t e s  but  probably i s  not a symmetry 

of t he  fundamental dynamical laws, I tend t o  regard c h i r a l  symmetry as  

one of t h e  bas ic  ( i f  approximate) syxmetries of t he  fundamental 

Lagrangian, which i s  "hidden" from us a s  a r e s u l t  of spontaneous break- 

down, and hence w i l l  not d i r e c t l y  serve u s  i n  c l a s s i fy ing  the  l eve l s .  

The reason f o r  t h i s  view i s  t h e  w e l l  known success of t he  p a r t i a l l y  

conserved a x i a l  vec tor  cur ren t  (PCAC) hypothesis''. 

chiral symmetry is a relativistic symmetry whereas the S U ( ~ )  is not. 

For t h e  p rec i se  d e f i n i t i o n  of spontaneous breakdown we must  r e f e r  t o  

e a r l i e r  papers*, b u t  it e s s e n t i a l l y  means i n  OUT present  context t h a t  

t he  l a rge  masses of baryons and t r i p l e t s  a r e  e n t i r e l y  (or  almost e n t i r e l y )  

of dynamical nature,  being se l f -energ ies  a r i s i n g  from t h e  superstrong 

and s t rong  in t e rac t ions .  A s  I mentioned above, such an assumption i s  

cons is ten t  with the  dynamical model of hadron systematics based on two 

or t h r e e  t r i p l e t s .  

Contrary t o  t h e  s t a t i c  SU(6) symmetry which may be usefu l  

Besides, t h e  
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Thus our bas ic  p i c tu re  may be described a s  follows. The funda- 

mental t r i p l e t  f i e l d s  have zero or small (A, muon mass?) bare masses 

and a r e  subjec t  t o  superstrong in t e rac t ions  t h a t  a r e  y i nva r i an t .  

Except f o r  t h e  s m a l l  bare masses, and electromagnetic and weak i n t e r -  

ac t ions ,  t h e  Lagrangian possesses SU(3), x SU(3), symmetry . [The 

v i o l a t i o n  of ordinary SU(3) i t s e l f  may a l s o  be a t t r i b u t e d  t o  these  

same causes . ]  

5 

13 

Because of spontaneous breakdown, however, t h e  t r i p l e t s  acquire  

l a rge  e f f e c t i v e  masses, and a s  a r e s u l t ,  it becomes a good approxima- 

t i o n  t o  t r e a t  hadrons a s  being made up of heavy t r i p l e t s .  The s t a t i c  

sV(6) symmetry a l s o  r e s u l t s  from t h i s  dynamical s i t u a t i o n .  A t  t he  

same’time, t h e  o r i g i n a l  c h i r a l  symmetry tends t o  manifest  i t s e l f  by 

forc ing  t h e  pseudoscalar mesons t o  be the  lowest (and even massless) 

s t a t e s ,  thereby insur ing  t h e  PCAC relations’’. The in t e rp l ay  of S U ( ~ )  

and c h i r a l  sU(3) symmetries then causes the  r e l a t i v e l y  l a rge  s p l i t t i n g  

of 0- and 1- mesons. 

Th i s  i s  only speculat ion,  without d i r e c t  supporting evidence or 

d e t a i l e d  theory  t o  subs t an t i a t e  it. But I bel ieve it i s  a l o g i c a l l y  

cons is ten t  p i c tu re .  

[ o r  ~ ~ ( 6 ) t x  SU(6)-according t o  Casimir decmpos’it ion] and SU(3)‘ x SU(3), 

[ o r  perhaps ~ ( 6 ) ‘  x U(6),according t o  Weyl decomposition] symmtr ies  w i l l  

be resolved, and we need not tax our bra ins  t r y i n g  t o  reconci le  m(6) 

with r e l a t i v i t y .  

I ts  d i f f i c u l t i e s  must be recognized as dynamical d i f f i c u l t i e s .  

I n  t h i s  way, t h e  apparent incompat ib i l i ty  of S U ( ~ )  

t 

The v a l i d i t y  of W(6) i s  l a r g e l y  a dynamical problem. 

n 
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C ompo s it i o n  

Mult i p l i c  it y 

P +  J = 2  

I+ 

O+ 

189 

_ L  

tttt 

405 

I tt', L = 1 

108 

A 
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