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VII. T3IPLETS "3IALITY 

W e  now r e t u r n  t o  the  d lscuss lon ,  b e g u  in t h e  f i r s t  sec t ion ,  of 

wkether o r  not  t r i p l e t s  (or, i n  general ,  spinor  representa t ions  of SU(3)) 

w i l l  show up ar:iong hadrons. 

L e t  us f i r s t  be more p rec i se  about the not ion of spinor  represen-  

t a t i o n s .  A l l  r epresenta t ions  of SU(3) can be constructed by reduclng 

d i r e c t  products 02 t h e  finda:aental t r i p l e t  representa t ion  I... 3 mul t ip l ied  

by i tself  any numjer of tirres. Thus w e  have 

-Y 
3 x 3  = 3 + 6  - L" - i- 

Ji 
where 3 is t h e  representa t ion  t o  which an a n t i - t r i p l e t  belongs.  

d e f i n i t i o n  of which is t r i p l e t  cnd which i s  a n t i - t r i p l e t  I s  a v e n  below.) 

(m 
b... 

We have a l so  

3 X 3 X 3 = 1 + t? + 8 + 10 ? .... -1. .-- b... .... b... - 
,* ,* 

3 x 3 x 3 x 3 I 3  + 3 $. 3 -b 0 + i> e l5.+ 15 + l5 + 15' , rr. - L C  ... - .*- C I  ...' ..-\ L- ..L .1* -... 

(where 15 and 15' are two d i f f e r e n t  154izerisicjnal r ep resen ta t ions ) ,  and 

so forth. 

nW $A,,. 

If we continue t h i s  process i n d e f i n i t e l y ,  w e  w i l l  discover t h a t  t h e  
* 

representa t ions  3, 6 , 15, 15', e tc . ,  can occur only i n  t h e  reduct ion of 

a product of , 5-' , 
. - L  - u  

36 * Y 
3n + 1 t r i p l e t s ,  w i t h  n i n t e g r a l ,  while - 3 , 5, 

e tc . ,  onlj. coae T r m  3n - 1 t r i p l e t s  m a  1, 8, 10, e t c . ,  o ~ l y  coae f'roin 

3n t r i p l e t s .  

M iu b.-- 

F ~ l i ~ w i n g  k i r d  ad BieZezharr, (Proceedings of t h e  1964 

C o r d  Gables Conference on Syznetry P r inc ip l e s  a t  High Energy, W. H .  

Free- Publ ishers ,  p .  5 8 ) ,  we can de f ine  t h e  t r i a l i t y  T t o  be 1, -1, 
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ecd 0 re spec t ive ly  i n  these  t h r e e  cases .  Every representa t ion  then has 

a value of I- and if representa t ion  c occurs in t h e  reduct ion of a x b, 
*r W n . .  

we have 

7 
C 

P Ta + T~ 

A l l  t h e  representa t ions  t ha t  have been i d e n t i f i e d  among t h e  h e o n s  

(These a r e  the  ones we have r e fe r r ed  t o  as tensor  r a t h e r  have t r i a l i t y  0. 

than spinor representa t ions . )  

t h a t  the  o ther  representa t ions ,  w i t h  

be p e r f e c t l y  campatible with the  boots t rap  hypothesis and it may very wel l  

The f irst  p o s s i b i l i t y  we m y  consider is 

This s i t u a t i o n  may T = 21, do not  occur. 

be the  case in r e a l i t y .  

I n  a Lasangian  f i e l d  theory,  a fairly complicated p i c t u r e  is  

necessary,  as r e m k e d  i n  t h e  f i r s t  sec t ion ,  t o  a r r i v e  at  SU(3)  wi th  

T = 0 

baryons and e igh t  Yang-Mills t y p  vector  mesons. 

theory with a Fundarcental t r i p l e t  of f i e l d s  could give a world without 

r e a l  p a r t i c l e s  02 only if something very pecul ia r  happens, which 

amounts t o  giving the  t r i p l e t s  i n f i n i t e  mss but  a l s o  i n f h i t e  binding 

energy wben they cmbine t o  form T = 0 p a r t i c l e s :  

only; f o r  example, t he re  i s  the o r i g i n a l  hypothesis of e i & t  

A Lagrangian f i e l d  

T = 21 

The r e m i n d e r  of OUT discussion w i l l  be devoted t o  t h e  m t h e t i c a l  

case t h a t  r e a l  hadrons e x i s t  w i t h  T = +l. 

compatible with a theory,  say a Lagrangian f ie ld  theory,  based on a funda- 

mental t r i p l e t  ( w i t h  perhaps some other  bas i c  e n t i t i e s )  and it m y  also be 

c m s t i b l e  with t h e  boots t rap  hypothesis.  

Such a s i t u a t i o n  is  c l e a r l y  - 



V I 1  -3 

We s h a l l  make two simplifying assumptions t h a t  have character ized 

a l l  work on t r i p l e t s  so far. 

not  only is T conserved modulo 3 but a l so  a quar,tu;c number w i t h  eigenvalues 

. , . -4, -3 ,  -2 ,  -1, 0, +1, +2, + 3 ,  +4 . . . is conserved t h a t  i s  equal  

t o  T modulo 3. We c a l l  t h i s  quantuffi number n - n - (which s tands  f o r  

number of t r i p l e t s  minus number of a n t i - t r i p l e t s ) .  

One is  t h a t ,  i n  t h e  l i m i t  of S U ( 3 )  s y m e t r y ,  

t t  
The o ther  assumption 

is  t h a t  t h e r e  

L e t  us  

w i t h  T = +1 

is no o ther  quantum number involved, besides familiar ones. 

now consider t h e  case n - n- = 1. All representa t ions  

are poss ib le  f o r  n - n = i if w e  include enough p r t i c l e s .  
t t  

t F  
"he representa t ion  3 w i l l  occur, containing an i so top ic  doublet  and a 

s i n g l e t ,  w i t h  t h e  e l e c t r i c  charge of t h e  s i n g l e t  i n  units of e equal  t o  

c 

some number, which we c a l l  z .  The e l e c t r i c  charge6 of t h e  doublet  members, 

in  units of e ,  are z and zi-1. ?"ne f a c t  t h a t  w e  t a k e  z+l ins tead  of z -1  

def ines  what w e  mean by a t r i p l e t  t ( T  = +1) rat'ner than an  a n t i - t r t p l e t  t 
- 

( T  = -1); t h e  d e f i n i t i o n  is ,  of course,  a r b i t r a r y .  
- 

For n - n = -1, t h e  a n t i - t r i p l e t  representa t ion  c 3 w i l l  occur,  

-z  and aa i so top ic  doublet  
t €  

containing an i so top ic  s i n g l e t  w i t n  charge 

w i t h  charges - z  and -2-1. In gene ra l ,  for any s u p e m u l t i p l e t ,  the  

e l ec t r i c  charge Q i n  units of e q i l l  be given by t h e  formula 
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We may now enumerate fou r  i n t e r e s t i n g  phys ica l ly  d i s t i n c t  s i t u a t i o n s :  

a )  The quantum number n - n is not a new one, bu t  is  proport ional  t o  

baryon number n - n and t h u s  absolu te ly  conserved. Since the known 

baryons have t r i a l i t y  zero,  a11 baryons uust  have t r i a l i t y  zero i n  t h i s  

t c  

case,  and thus (% - n-)/(nt - n-) is an i n t e g r a l  mul t ip le  of 3. The 
B t 

siniplest choice i s  the  one f o r  which the  r a t i o  i s  + 3 ;  t he  t r i p l e t s  a r e  then 

“quarks” as discussed by Gell-Mnn (Physics Le t t e r s  t3, 214 (1964)) .  in the  

formula fo r  t h e  e l e c t r i c  charge, w e  know t h e r e  is  not a t e r n  proport ional  

so  i n  t h i s  ncdel the  coe f f i c i en t  of nt - n must be zero,  
€- 

t o  ”B - ng, 

g iving z = -1/3. 

Q = -1/3 and a doublet  with Q = -1/3 and Q = 2 / 3 ,  a l l  w i t h  baryon 

The quarks thus cons i s t  of an i so top ic  s i n g l e t  w i t h  

number 1/3. The h o r n  baryons transform mder  SU( 3) l i k e  t r i -qua rks  . 

b)  The quantuni nmber n - n is absolGtely conserve.d but  i s  d i s t i n c t  

from baryon number. I n  t h i s  case, z c m  ’nave any va lse  wnatever, i n c h d i n g  

sirxple i n t e g r a l  valGes l i k e  -1 and 0 .  Iiere, t ne  known mesons trsnsforrn 

l i k e  corrbinations 

t r  

- -  - 
t t ,  while the  known baryons transform like b c t ,  b t t t t ,  

e t c . ,  where b is a conventional neu t r a i  s i n g l e t  baryon. 

barfon number and any t r i a l i t y  occur i n  this picture .  

S t a t e s  of any 

Some T f 0 

p a r t i c l e s  a r e  s t a b l e ,  as I n  ( a ) .  

c )  The quantum number nt - n i s  not zbsolu te ly  conserved, but the  vio- 
E 

l a t i o n  occurs only through H weak i n t e r a c t i o n ,  with t r i a l i t y  changlng by 

one u n i t .  Since p a r t i c l e s  witn T = 21 can now t u r n  into conventional 

p a r t i c l e s  w i t h  T = 0, w e  must have i n t e g r a l  z ,  fo r  example 

in a theory discussed below by Gell-E”ann. Again, the  known baryons t rans-  

z = -1 as 

- -  
form l i k e  bc t ,  b t t t t ,  e t c . ,  bu t  t he  baryons with T f 0 can decay i t t o  

them by weak in t e rac t ions .  
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d )  The conservation of the  quantum number n - n i s  v io l a t ed  by the  

part of the  s t rong  in t e rac t ion  t h a t  breaks SU(3) symmetry. 
t €  

The symietry- 

v i o l a t i n g  term thus has t r i a l i t y  ki; o n l y  i n  second order does It give 

the  usua l  symnetry v io l a t ion  with T = 0. We want t he  l a t t e r  t o  transform 

l i k e  8, so t h e  

transformed b i n t o  t a n d  v i ce  versa .  Since the  s t rong  v io l a t ion  conserves 

i so topic  sp in ,  a n  i so top ic  s i n g l e t  must go i n t o  an i so topic  s i n g l e t ;  tbius 

T = +l symmetry v io l a t ion  must go l i k e  3 and ?, as i f  it - c *L - 

t h e  i so topic  s i n g l e t  i n  t nust have zero charge and hence z = 0. 

In the  foregoing t reatment ,  t r i p l e t s  as such have been discussed 

mainly f o r  pedagogical reasons; the  e s s e n t i a l  points  a r e  t h e  nature  of t h e  

quantum number n - n-, i t s  r e l a t i o n  t o  t r l a l i t y  T ,  ana the  degree of i t s  

conservation. These sp .ne t ry  questions determine the  r e a d i l y  observable 

proper t ies  of t h e  hadrons with 

which p a r t i c l e s  a r e  "findamentai", if any, and how a d e t a i l e d  Lagrangian 

f i e l d  theory model could be iden t i f i ed  i n  y a c t i c e  E i r e  s ub t l e  ones End 

perhaps even maningless. .  Cer ta iq ly  any attempt t o  c7escribe the  known 

t t  

T f 0, i f  such e x i s t .  "he questions of 

hadrons dynamically as sir;i;?lc p i r s  o r  triads of very h e a q  "fmdaraental 

ObJects" i s  doomed t o  f a i l u r e ,  s ince  higher-order correc t ions  i n  t h e  fleld 

theory senbe w i l l  be of the g rea t e s t  importance and  all t hese  dynanical 

e f f ec t s  w0~Ll.d be l a r g e l y  subsur;,ed, in tine sense of' d ispers ion theory,  i r  

t h e  lower threshold energy channels such as are included in approxio;ate 

boots t rap  ca l cu la t ions .  

Nevertheless,  a number of Lagrangian f i e l d  theory models have been 

discussed by various authors .  Gell-Mann i n  the  accompanying paper t r e a t s  

two. a auark model of tme (a) and a model of t n e  ( c )  with z = -1. H i s  
I " A  . , " -  . I 
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main purpose in introducing t h e  nodels is  t o  aSs t r ac t  f'rom them uxttheuiatical 

r e l a t i o n s  (Involving the  weak cu r ren t s )  and symmetry p r inc ip l e s  l i k e  the  

oaes t r e a t e d  above; he is then content t o  d iscard  t h e  Lagranglane. 

Lee and Ghsey  (F'hys. Rev., i n  press )  consider a f i e l d  theory model 

of type (b )  with i n t e g r a l  bu t  otherwise unspecified charge. 

they ercploy as bas i c  u n i t s  not  t and b,  but a fermion t and a boson, which 

For some reason, 

transforms l i k e  a combination of t and b.  

a r e  j u s t  l i k e  the  t r i p l e t s  

"hese fermion and boson t r i p l e t s  

and L of the  o r i g b a l  "Eightfold Way" p p e r .  

Schwlnger (Phys. Rev. Le t t e r s  - 12,  237 (1964))  has  put  forward a 

r a t h e r  conplicated f i e l d  theory m d e l  which seems t o  be of type ( a ) .  

A nodel of type ( d )  is favored by %. b'&i (Frog. Theor. Phys . 2, 
331 (1964)). The ( d )  s i t u a t i o n  i s  a l so  discussed In the  framework of the  

boots t rep  idea by Tarjarme and Tepl i tz  (Pws. Rev. Le t t e r s  - 11, 447 (1963)). 

Tarjanne and Tepl i tz  empkasize a po in t  t h a t  i s  appl icable  t o  any 

scheme of t m e s  ( b ) ,  ( c ) ,  and ( d ) ,  whether ic t h e  boots t rap  theory o r  i n  a 

theory with a fundmenta l  t r i p l e t  and s i n g l e t .  The p i n t  i s  that t he re  may 

be approximate s y m e t r y  'under SU(4) when I j a r t i c l e s  with T 4 0 are 

included. SU(4) allows another c o m t i n g  quantum number a long with I and 

Y ,  which can be j u s t  

z 

nt - n-. 
t 

me exc i t ing  questions a r e ,  of C O U T G ~ ,  experimentel. Will hadrons 

of 

they  m y  be qu i t e  inconspicuous end s m e  of them may a l ready  have been 

discovered. (See,  f o r  exan;ple, one of the  i n t e r p r e t a t i o n s  of K (  725) i n  

811 e a r l i e r  paper.) 

p a r t i c l e s  with T f 0, decaying by weak i n t e r a c t i o n s  i n t o  conventional 

T f 0 be f o m d  and, if' so, of what type? If they a r e  of type ( d )  , 

If they belong t o  type ( c ) ,  then the re  exis t  metastable 
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hadrons; w e  ~ ~ o u l i i .  be dealing w i t h  s t r a n g e  p a r t i c l e s  of a new kind. The 

moEt f a sc ina t ing  p o s s i b i l i t y  is t h a t  hadrons of type (a)  or  ( b )  w i l l  be 

found; f o r  then  there m u s t  be par t ic les  w i t h  T 4 0 t h a t  are abso lu te lx  

s t a b l e .  

Such new sta31e p r t i c l e s  must  be present  on t h e  e a r t h  if they 

e x i s t .  

sence of ordlnary matter has a l s o  produced sane admixture of 

but  even if it has n o t ,  t he  cosmic r a d i a t i o n ,  through p i r  production pro- 

cesses I n  the  atmosphere, nust  be depos i t ing  soEe 

surface of the  e a r t h .  

t o  be d e  in  present  acce le ra to r s ,  they con be Bought i n  analyses of 

Frcsumbly, the cosmic process thut is  responsible  f o r  t h e  pre-  

T f 0 matter, 

T f 0 matter  near t he  

AssuuFng that these  p o x t i c k s  e x i s t  but  are t o o  heavy 

t e r r e s t r i a l  material, Fn cosmic ray  experiaents ,  or  In  acce le ra to r  exper i -  

ments w i t h  machines of higher energy. 


