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The spect roscop of heavy baryons has  been s tud ied  r e c e n t l y  at'CERN by 
P. Hasenfratz e t  a1 . I ) .  Refe r r ing  t o  t h e i r  paper f o r  more d e t a i l s ,  w e  
restrict our a t t e n t i o n  h e r e ' t o  d i s c u s s  a few p o i n t s  concerning some cluestions 
r a i s e d  dur ing t h i s  conference. 

By "heavy baryons", w e  mean h e r e  t r i p l e  f l avored  o b j e c t s  l i k e  ccc ,  cbb, 
e t c . . .  i.e. states very  d i f f i c u l t  t o  d e t e c t  exper imenta l ly .  T h e o r e t i c a l l y ,  
however, they a r e  of g r e a t  i n t e r e s t .  A n o n - r e l a t i v i s t i c  p i c t u r e  seems 
j u s t i f i e d  and, a s  i n  quarkonium, t h e  spectrum hopeful ly  r e f l e c t s  d i r e c t l y  
t h e  dynamics. For l i g h t  quarks on t h e  o t h e r  hand, t h e r e  a r e  a d d i t i o n a l  
u n c e r t a i n t i e s  due t o  r e l a t i v i s t i c  e f f e c t s .  

We u s e  t h e  framework of t h e  bag model, b a s i c a l l y  t h e  same a s  t h e  M.I.T. 
vers ion2)  a p a r t  from sur f  ace  t e n s i o n  ef f ec t s3 )  . For l i g h t  hadrons, t h e  M. I .T . 
group h a s  used a "cavity" approximation, i.e. they considered f a s t  quarks 
o s c i l l a t i n g  i n s i d e  a f i x e d  bag; they  obta ined a good o v e r a l l  f i t 4 )  wi th  a 
bag constant  ~ l / ~ = l 4 5  Xev and a QCD coupling cons tan t  cS=2.2. The c a v i t y  
approximation is ques t ionable  f o r  l i g h t  quarks (e.g. t h e  problem of c e n t e r  
of mass motion) and is  d e f i n i t e l y  inadequate f o r  ve ry  heavy quarks. The 
l a t t e r  have low average v e l o c i t y  and dur ing t h e i r  motion, t h e  bag r e a d j u s t s  
i t s e l f  almost ins tan taneous ly  t o  an optimal shape. The r e l e v a n t  ca lcu la -  
t i o n a l  scheme has  two s t e p s  and is similar t o  t h e  Born-Oppenheimer method 
used i n  molecular physics ,  wi th  t h e  fol lowing correspondence: q u a r b n u c l e i ,  
e l e c t r o n  cloud=gluonic f i e l d .  

i )  F i r s t ,  t h e  p o s i t i o n s  of t h e  quarks a r e  f rozen.  The bag energy is 
computed (numerical ly)  f o r  a r b i t r a r y  shapes and t h e  minimum of t h i s  energy 
wi th  r e s p e c t  t o  t h e  bag shape d e f i n e s  t h e  p o t e n t i a l  of t h e  quarks. 

i i )  The second s t e p  c o n s i s t s  i n  so lv ing  t h e  Schrodinger equat ion wi th  
t h e  above p o t e n t i a l .  

This  program has  been f i r s t  c a r r i e d  out  i n  t h e  case  of quarkonium5. 
Some important p o i n t s  are: 

a )  The p o t e n t i a l  in Coulombic'at s h o r t  d i s t a n c e s ,  l i n e a r  f o r  l a r g e  
s e p a r a t i o n s  and r a t h e r  w e l l  i n t e r p o l a t e d  by t h e  simple formula 

b) The l i n e a r  term corresponds,  a sympto t i ca l ly ,  t o  an e longated 
c y l i n d r i c a l  shape f o r  t h e  bag. However, i n  t h e  range of d i s t a n c e s  re levan t  
f o r  J/$ o r  y wave-functions, t h e  p o t e n t i a l  is  a l ready  almost l i n e a r  whereas 
t h e  bag is s t i l l  q u i t e  s p h e r i c a l .  This  phenomenon i s  c a l l e d  "precocious" 
l i n e a r i t y .  

c )  Apart from quark masses, t h e  p o t e n t i a l  has  two parameters,  as and 
t h e  t e n s i o n  X which i s  r e l a t e d  t o  t h e  bag cons tan t  B.  A f i t  of quarkonium 
d a t a  g i v e s  %=1.35 G e V ,  mb=4.75 G e V ,  as=0.385 and B ' / ~ = z ~ s  XeV, t h e  two 
l a t t e r s  in  disagreement with t h e  M.I.T. r e s u l t s .  



d) Beyond t h e  scope of t h i s  n o t e  a r e  some problems d i r e c t l y  r e l a t e d  
t o  QCD, such as t h e  s p i n  f o r c e s  i n  QQ o r  t h e  g luonic  e x c i t a t i o n s  QGg, both  
d iscussed i n  r e f .  5 ) .  Another problem is how t o  p r o p e r l y  incorpora te  
asymptotic freedom i n  t h i s  scheme, s i n c e  p resen t  c a l c u l a t i o n s  has  been 
c a r r i e d  o u t  only t o  lowest o rder  in s .  It may not  be s u f f i c i e n t  t o  
r e p l a c e  everywhere t h e  cons tan t  % i n  t h e  lowest  o rder  c a l c u l a t i o n s  by 
a running % (g) , a s  d o n e i n  r e f .  6 ) .  

A 
L e t , u s  now r e t u r n  t o  baryons. The p o t e n t i a l  energ between t h r e e  heavy 

qua-rkk i n  a c o l o r  s i n g l e t  h a s  t h e  fo l lowing p r o p e r t i e s  '9 7, . 
i) It has  a Coulombic p i e c e  Vc= - - a 1 - , and, f o r  l a r g e  

3 'icj 
s e p a r a t i o n ,  i t  becomes a genera l i zed  l i n e a r  p o t e n t i a  "1 8) Ve=X~in(dl+ d2+ d3) , - - 

where di is t h e  d i s t a n c e  from an a r b i t r a r y  po in t  t o  t h e  l o c a t i o n  of t h e  ith 
quark. The t e n s i o n  X is t h e  same a s  f o r  QQ i n  eq. (1) . 

i i )  Correspondingly, t h e  asymptotic shape of t h e  bag i s  a y-configura- 
t i o n ,  each arm having t h e  same cross-sect ion a s  t h e  QO tube.  With pure 
volume energy f o r  t h e  bag, a  t r i a n g u l a r  &shape would be  degenera te  with 
t h e  y .  I f  a  s u r f a c e  t e n s i o n  is a l s o  incorpora ted ,  t h e  y shape is  c l e a r l y  
favored. 

i i i )  W e  have aga in  precocious l i n e a r i t y .  The l i n e a r  regime of t h e  poten- 
t i a l  starts a l r e a d y  when t h e  bag is s t i l l  almost s p h e r i c a l .  

We want t o  i n s i s t  on t h e  f a c t  t h a t  t h e  long range i n t e r a c t i o n  c o n s i s t s  
of a  genuine 3-body fo rce .  This  is  obvious i f  one has  i n  mind t h e  y-shape 
conf igura t ion .  For t h e  equ iva len t  A shape, t h e  reason is  t h a t  t h e  t ens ion  
along each l e g  depends upon t h e  l o c a t i o n  of t h e  oppos i t e  quark. However, 
t h e  genera l i zed  l i n e a r  p o t e n t i a l  is  a c c i d e n t a l l y  - I would say  "unfortunate-  
ly"  - r a t h e r  w e l l  approximated numerical ly by a sum of 2-bodx berms8) 

% ? .  V(r)  0-54X (r12 + r23  + r j 2 ) .  SO t h e  r e l a t i o n  VQQ = VQo (?,1X2)gQ/(XlA2)Q~, 
which is  too  o f t e n  advocated and i s  v a l i d  only f o r  one-gluon-exchange, i s  
f o r t u i t o u s l y  s a t i s f i e d  in  an approximate way f o r  t h e  e n t i r e  e f f e c t i v e  
p o t e n t i a l .  I t ' s  v a l i d i t y  i n  o t h e r  cases is no t  a t  a l l  guaranteed.  For 
i n s t a n c e ,  in t h e  6-quark problem of i n t e r e s t  f o r  t h e  s h o r t  range nuc lea r  
i n t e r a c t i o n ,  one may expect  6-body f o r c e s  t o  be non-negligible.  

The p o t e n t i a l  energy of t h e  t h r e e  quarks being determined, one has  t o  
s o l v e  t h e  3-body Schrodinger equat ion.  The method of t h e  h e r s p h e r i c a l  IP expansion t u r n s  out  t o  be very  w e l l  s u i t e d  f o r  t h i s  problem . This  formal- 
i s m  l e a d s  i n  genera l  t o  an i n f i n i t e  set of coupled equat ions .  Our QQQ poten- 
t i a l  has  t h e  n i c e  proper ty  t o  be almost  reduced t o  i t s  hypercen t ra l  component 

Vo. Each quantum s t a t e  is  dominated by a s i n g l e  hyperspher ica l  harmonic 
a d  i s  governed by t h e  simple r a d i a l  equat ion 

wi th  L=O,l,Z..being t h e  "grand" o r b i t a l  quantum number. Theground s t a t e  of 
ccc ,  f o r  i n s t a n c e ,  has  mainly L=O. The f i r s t  c o r r e c t i o n  corresponds t o  a 
coupling t o  L=4. It chvlges t h e  r e s u l t s  by less than 1%. Remember f o r  
comparison than i n  atomic helium, t h e  L=4 adm'xture t a k e s  arollnd 6% of t h e  
norm and inc reases  t h e  binding by almost 10%''. The d i f f e r e n c e  i s  t h a t  t h e  
34 problem is very symmetric, whereas t h e  d*e'e' case  involves  very  d i f f a r -  
e n t  masses and mixes repu l s ion  and a t t r a c t i o n .  Note t h a t  t h e  re levance  of 



t h e  hyperspher ica l  formalism f o r  heavy baryons has  a l s o  been pointed  ou t  . 

by Chanda et  a l l o ) ,  who u s e  however empi r i ca l  pa i rwise  p o t e n t i a l s .  

For i l l u s t r a t i o n ,  w e  reproduce h e r e  t h e  s p e c t r a  d i sp layed  i n  Ref. 1.). 

Table 1 

Heavy baryon mass spectrum 

Note t h a t  our h y p e r c e n t r a l  p o t e n t i a l  has  almost a l l  t h e  degeneracies  of t h e  
harmonic o s c i l l a t o r  except  t h e  e q u a l i t y  of t h e  (L,n) and (L+2, n-1) ene rg ies .  
Remember t h a t  wi th  pure  2-body f o r c e s  t r e a t e d  a s  p e r t u r b a t i o n  around t h e  
harmonic o s c i l l a t o r  s o l u t i o n ,  one cannot s h i f t  downward t h e  0+ wi th  
(L,n)=(O,l) wi thout  s p l i t t i n g  a l s o  t h e  (2,O) s t a t e s  according t o  t h e  r u l e  11 1 

So, measuring a l l  t hose  s p l i t t i n g s  could i n  p r i n c i p l e  provide  a test f o r  t h e  
e x i s t e n c e  of 3-body f o r c e s .  

Spin 

3/2 

3/2 

1 /2  

112 

Much work remains t o  be  done on t h e  product ion  and decay p r o p e r t i e s  of 
those  baryons, i n  view of f u t u r e  exper imenta l  s t u d i e s .  We s t r o n g l y  
emphasize h e r e  t h a t  most of them should b e  r a t h e r  narrow. For i n s t a n c e ,  t h e  
th resho ld  f o r  t h e  Zweig allowed decay of t h e  ups i lon  i s  exper imenta l ly  

Grand 
o r b l t a l  

L 

0 

0 

1 

2 

T o t a l  1 
p a r i t y  

O+ 

O+ 

1' 

0+, 1+, 2+ 

AlQ=~(bq)  + M(bq) .- M(b6) ?I 1.1 G e V  I ! 
The corresponding q u a n t i t y  f o r  t r i p l e  beauty is  

AI?f2=M(bq) + M(bbq) - M(bbb) 

Number of 
nodes 

n 

0 

1 

0 

0 

The l i g h t  quark q should have roughly t h e  same binding energy i n  Sq than i n  
bbq, s i n c e  i n  both cases  i t  f e e l s  a  small source  of c o l o r '  3. This  means 
AM2 A% can reasonably  be  expected,  i . e .  a l l  bbb s t a t e s  i n  Table I and 
even some f u r t h e r  e x c i t a t i o n s  are very narrow. The heavy baryon spectrum 
is even more r i c h  than t h e  ~ q . s e c t o r  and i t s  s tudy  i n  our  potent ia l .  model 
i s  a s  r e l i a b l e  as quatkonium. physics .  

I would l i k e  t o  thank N. I s g u r  and G.  Kar l  f o r  t h e  o r g a n i z a t i o n  of 
"Baryon 80") t h e  Nuclear Theory group of B.N.L. f o r  i t s  h o s p i t a l i t y  after  

Masses of 

ccc  

4.79 

5.30 

5.14 

5.42 

cbb 

11.20 

11.66 

11.54 

11.80 

bbb 

14.30 

14.75 

14.66 

14.91 

ccb 

8.03 

8.52 

8.37 

8.64 



t h e  Conference and C. B. Dover f o r  h i s  u s e f u l  comments. 
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The spect roscop of heavy baryons has  been s tud ied  r e c e n t l y  a t  CERN by 
P. Hasenfratz e t  a1 . I ) .  Refe r r ing  t o  t h e i r  paper f o r  more d e t a i l s ,  w e  
restrict our a t t e n t i o n  h e r e  t o  d i s c u s s  a few p o i n t s  concerning some ques t ions  
r a i s e d  dur ing t h i s  conference.  

By "heavy baryons", w e  mean h e r e  t r i p l e  f l avored  o b j e c t s  l i k e  ccc ,  cbb, 
e t c .  . . i.e. s t a t e s  ve ry  d i f f i c u l t  t o  d e t e c t  exper imenta l ly .  T h e o r e t i c a l l y ,  
however, they a r e  of g r e a t  i n t e r e s t .  A n o n - r e l a t i v i s t i c  p i c t u r e  seems 
j u s t i f i e d  and, a s  i n  quarkonium, t h e  spectrum hopefu l ly  r e f l e c t s  d i r e c t l y  
t h e  dynamics. For l i g h t  quarks on t h e  o t h e r  hand, t h e r e  a r e  a d d i t i o n a l  
u n c e r t a i n t i e s  due t o  r e l a t i v i s t i c  e f f e c t s .  

We u s e  t h e  framework of t h e  bag model, b a s i c a l l y  t h e  same as t h e  M.I.T. 
vers ion2)  a p a r t  from sur f  ace  t e n s i o n  ef f e c t s 3 )  . For l i g h t  hadrons, t h e  M. I .T. 
group h a s  used a "cavity" approximation, i .e. they considered f a s t  quarks 
o s c i l l a t i n g  i n s i d e  a f i x e d  bag; they obtained a good o v e r a l l  f i t 4 )  wi th  a 
bag constant  8lI4=145 Pkv and a QCD coupling cons tan t  as=2.2. The c a v i t y  
approximation is ques t ionab le  f o r  l i g h t  quarks (e.g. t h e  problem of c e n t e r  
of mass motion) and i s  d e f i n i t e l y  inadequate f o r  ve ry  heavy quarks.  The 
l a t t e r  have low average v e l o c i t y  and dur ing t h e i r  motion, t h e  bag r e a d j u s t s  
i t s e l f  almost ins tan taneous ly  t o  an opt imal  shape. The r e l e v a n t  ca lcu la -  
t i o n a l  scheme has  two s t e p s  and is  s i m i l a r  t o  t h e  Born-Oppenheimer method 
used i n  molecular physics ,  wi th  t h e  fo l lowing correspondence: q u a r b n u c l e i ,  
e l e c t r o n  cloud-gluonic f i e l d .  

i )  F i r s t ,  t h e  p o s i t i o n s  of t h e  quarks a r e  f rozen.  The bag energy is 
computed (numerical ly)  f o r  a r b i t r a r y  shapes and t h e  minimum of t h i s  energy 
wi th  respec t  t o  t h e  bag shape d e f i n e s  t h e  p o t e n t i a l  of t h e  quarks. 

i i )  The second s t e p  c o n s i s t s  i n  so lv ing  t h e  Schrodinger equat ion wi th  
t h e  above p o t e n t i a l .  

5 This  program h a s  been f i r s t  c a r r i e d  out  i n  t h e  case  of quarkonium . 
Some important p o i n t s  are :  

a )  The p o t e n t i a l  i n  Coulombic a t  s h o r t  d i s t a n c e s ,  l i n e a r  f o r  l a r g e  
s e p a r a t i o n s  and r a t h e r  w e l l  i n t e r p o l a t e d  by t h e  simple formula 

b) The l i n e a r  term corresponds,  a sympto t i ca l ly ,  t o  an e longated 
c y l i n d r i c a l  shape f o r  t h e  bag. However, i n  t h e  range of d i s t a n c e s  r e l e v a n t  
f o r  J/$ o r  y wave-functions, t h e  p o t e n t i a l  is  alre'ady almost l i n e a r  whereas 
t h e  bag is  s t i l l  q u i t e  s p h e r i c a l .  This  phenomenon i s  c a l l e d  "precocious" 
l i n e a r i t y .  

c )  Apart from quark masses, t h e  p o t e n t i a l  has  two parameters,  as and 
t h e  t e n s i o n  h which is r e l a t e d  t o  t h e  bag constant  B .  A f i t  of quarkonium. 
d a t a  g ives  mc=1.35 G e V ,  mb.4.75 GeV, Us=0.385 and HeV, t h e  two 
l a t t e r s  in disagreement with t h e  M.I.T. r e s u l t s .  



d) Beyond t h e  scope of t h i s  n o t e  a r e  some problems d i r e c t l y  r e l a t e d  
t o  QCP, such a s  t h e  s p i n  f o r c e s  i n  QG o r  t h e  g luonic  e x c i t a t i o n s  QQg, both  
d iscussed i n  r e f .  5 ) .  Another problem is how t o  p r o p e r l y  incorpora te  
asymptotic freedom in t h i s  scheme, s i n c e  p resen t  c a l c u l a t i o n s  h a s  been 
c a r r i e d  ou t  only t o  lowest o rder  i n  as. ~t may not  be s u f f i c i e n t  t o  
r e p l a c e  everywhere t h e  cons tan t  i n  t h e  lowest  o rder  c a l c u l a t i o n s  by 
a running + (g) , a s  done i n  r e f .  6) . 

A 

Let us  now r e t u r n  t o  baryons. The p o t e n t i a l  energ between t h r e e  heavy 
quarks i n  a c o l o r  s i n g l e t  has  t h e  fol lowing p r o p e r t i e s  

i )  It has  a Coulombic p i e c e  Vc= - - 2 a  Z and, f o r  l a r g e  
3 i c j  

s e p a r a t i o n ,  i t  becomes a genera l i zed  l i n e a r  potent;:ii) Ve=hMin (dl+ d2+ d j )  , 
where di i s  t h e  d i s t a n c e  from an a r b i t r a r y  po in t  t o  t h e  l o c a t i o n  of t h e  ith 
quark. The t ens ion  X i s  t h e  same a s  f o r  QG i n  eq. ( 1 ) .  

i i )  Correspondingly, t h e  asymptotic shape of t h e  bag is  a y-configura- 
t i o n ,  each arm having t h e  same c ross - sec t ion  a s  t h e  QG tube.  With pure 
volume energy f o r  t h e  bag, a t r i a n g u l a r  A-shape would b e  degenera te  wi th  
t h e  y. I f  a s u r f a c e  t e n s i o n  is a l s o  incorpora ted ,  t h e  y shape i s  c l e a r l y  
favored.  

iLi) 'We have again  precocious l i n e a r i t y .  The l i n e a r  regime of t h e  poten- 
t i a l  s t a r t s  a l ready  when t h e  bag is s t i l l a l m o s t  s p h e r i c a l .  

W2 want t o  i n s i s t  on t h e  f a c t  t h a t  t h e  long range i n t e r a c t i o n  c o n s i s t s  
of a genuine 3-body fo rce .  This  is  obvious i f  one has  i n  mind t h e  y-shape 
c o n f i g u r a t i o n . '  For t h e  equivalent  h shape, t h e  reason is t h a t  t h e  t e n s i o n  
along each l e g  depends upon t h e  l o c a t i o n  of t h e  oppos i t e  quark. However, 
t h e  genera l i zed  l i n e a r  p o t e n t i a l  is  a c c i d e n t a l l y  - I would say "unfortunate-  
ly" - r a t h e r  w e l l  approximated numerical ly by a sum of 2-bod4 terms8)% % 

~ ( r )  0.54h (r12 + r23 + r 3 2 ) .  SO t h e  re la ' t ion  v Q Q =  VQq (?L1X2)QQ/(hlX2)Q~, 
which is too  o f t e n  advocated and i s  v a l i d  only f o r  one-gluon-exchange, is  
f o r t u i t o u s l y  s a t i s f i e d  in an approximate way f o r  t h e  e n t i r e  e f f e c t i v e  
p o t e n t i a l .  I t 's  v a l i d i t y  i n  o t h e r  cases  is n o t  a t  a l l  guaranteed.  For 
i n s t a n c e ,  i n  t h e  6-quark problem of i n t e r e s t  f o r  t h e  s h o r t  range n u c l e a r  
i n t e r a c t i o n ,  one may expect  6-body f o r c e s  t o  be non-negligible.  

The p o t e n t i a l  energy of t h e  t h r e e  quarks being determined, one has  t o  
s o l v e  t h e  3-body Schrodinger equation.  The method of t h e  h e r s p h e r i c a l  iP expansion t u r n s  out  t o  be very  w e l l  s u i t e d  f o r  t h i s  problem . This  formal- 
i s m  l e a d s  in  genera l  t o  an i n f i n i t e  set of coupled equat ions .  Our QQQ poten- 
t i a l  has  t h e  n i c e  proper ty  t o  be almost  reduced t o  i t s  hypercen t ra l  ccmponent 

Vo. Each quantum s t a t e  i s  dominated by a s i n g l e  hyperspher ica l  harmonic 
. a i d  i s  governed by t h e  simple r a d i a l  equat ion 

wi th  L=0,1,2..being t h e  "grand" o r b i t a l  quantum number. Theground s t a t e  of 
ccc ,  f o r  ins tance ,  has n a i n l y  L=O. The f i r s t  c o r r e c t i o n  corresponds t o  a 
coupling t o  L=4. It changes t h e  r e s u l t s  by l e s s  than 1%. Remember f o r  
comparison than i n  atomic helium, t h e  L=4 ad ' x t u r e  t a k e s  around 6% of t h e  
norm and i n c r e a s e s  t h e  binding by almost 10%". The d i f f e r e n c e  is  t h a t  t h e  
34 problem is very symmetric, whereas t h e  d*e'e' case  involves  very d i f f e r -  
e n t  masses and mixes repu l s ion  and a t t r a c t i o n .  Note t h a t  t h e  re levance  of 



t h e  hyperspher ica l  formalism f o r  heavy baryons has  a l s o  been pointed  out  
by Chanda e t  a l l o ) ,  who use  however empi r i ca l  pai.rwise p o t e n t i a l s .  

For i l l u s t r a t i o n ,  w e  reproduce h e r e  t h e  s p e c t r a  d isplayed i n  Ref. 1 ) .  

Table 1 

Heavy baryon mass spectrum 

Note t h a t  our hypercen t ra l  p o t e n t i a l  has  almost a l l  t h e  degeneracies  of t h e  
harmonic o s c i l l a t o r  except  t h e  e q u a l i t y  of t h e  (L,n) and (L+2, n-1) energ ies .  
Remember t h a t  with pure 2-body f o r c e s  t r e a t e d  a s  p e r t u r b a t i o n  around t h e  
harmonic o s c i l l a t o r  s o l u t i o n ,  one cannot s h i f t  downward t h e  0+ wi th  
(L,n)=(O,l) without  s p l i t t i n g  a l s o  t h e  (2,O) states according t o  t h e  r u l e  11 1 

+ 
M f  L-2, tT=2 I-N[L=Z , l T = O +  ]  = M[L=Z ,xn=0+] -M[L=o,~=~ ,xT=0+] 

Spin 

3 /2 

3/2 

112 

1 / 2  

So, measuring a l l  those  s p l i t t i n g s  could i n  p r i n c i p l e  provide a test  f o r  t h e  
e x i s t e n c e  of 3-body f o r c e s .  

Much work remains t o  be done on t h e  production and decay p r o p e r t i e s  of 
those  baryons, i n  view of f u t u r e  experimental  s t u d i e s .  W e  s t r o n g l y  
emphasize h e r e  t h a t  most of them should b e  r a t h e r  narrow. For ins tance ,  t h e  
th resho ld  f o r  t h e  Zweig allowed decay of t h e  ups i lon  i s  exper imenta l ly  

AM1=~(bG) + M(bq) - M(b6) % 1.1 GeV 

T o t a l  1 
p a r i t y  

O+ 

O+ 

1' 

O + , l f ,  2+ 

I The corresponding q u a n t i t y  f o r  t r i p l e  beauty is 

The l i g h t  quark q should have roughly t h e  same binding energy i n  iq than i n  
bbq, s i n c e  i n  both cases  i t  f e e l s  a  small source of c o l o r ' ? .  This  seans  
AM2 2, AlYl can reasonably be expected,  i . e .  a l l  bbb s t a t e s  i n  Table 1 and 
even some f u r t h e r  e x c i t a t i o n s  a r e  very narrow. The heavy baryon spectrum 
is even more r i c h  than t h e  QQ s e c t o r  and i t s  s tudy i n  our p o t e n t i a l  model 
i s  a s  r e l i a b l e  a s  quarkonium physics .  

I would l i k e  t o  thank  N.  I s g u r  and G.  Karl  ' f o r  t h e  o rgan iza t ion  of 
"Baryon 80", t h e  Nuclear 'Theory group of B.N.L. f o r  i t s  h o s p i t a l i t y  a f t e r  

Grand 
o r b f t a l  

L 

0 

0 

1 

2 

Number of 
nodes 

n 

0 

1 

0 

0 

Masses of 

ccc 

4.79 

5.30 

5.14 

5.42 

cbb 

11.20 

11.66 

11.54 

11.80 

bbb 

14.30 

14.75 

14.66 

14.91 

ccb 

8.03 

8.52 

8.37 

8.64 



I 

t h e  Conference and C. B.  Dover f o r  h i s  u s e f u l  comments. 
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