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AB'>TRACT 

There i s ,  maybe, s trong experimental evi­
dence in favour of a mesob aryonium ( 4q , llf) 
s tate . Considering more than three flavours , 
there could be several stable dibaryons . The 
hidden colour in the deuteron could explain the 
amount of 66 isobar in i t .  These are the 
three points I would like to b riefly discuss in 
this talk . 

RESUME 

11 existe peut-etre une forte evidence ex­
perimentale en faveur d ' un etat mesobaryonium 
(4q, lq ) .  Si l ' on considere plus de trois sa­
veurs , i l  pourrait y avoir plusieurs dibaryons 
stables , La partie couleur cachee du deuteron 
pourrait exp liquer la quantite d ' isobars 6 - 6 
qui y est contenue . Voici les trois points que 
j e  voudrais brievement discuter clans ce semi­
naire.  

95 



96 

INTRODUCTION 

A certain excitement has been provoked these last two years by the narrow 
resonances found in the pp system as well as in formation experiments as in pro­
duction experiments . The interpretation of such states as states made with two 
quarks and two antiquarks has reinforced the interes t of high energy phys icists 
in the problem of s tates made with more than three quarks , already suggested in 
1968 by Rosner in the context of duality diagrams . Since the narrow states sup­
posedly made with two quarks and two antiquarks have been cal led baryonium states , 
we have cal led mesobaryonium states the colour singlet states made with four 
quarks and one antiquark , whi le six quark states have been naturally cal led di­
barvons 1 ) . 

I t  is these last  two kinds of obj ects that I would like to discus s .  From 
my work on the subj ect with H .  Hogaasen , I have selected three points which, I 

hope,  wi l l  h< lp show you why it is interesting and certainly very important to 
carefully s tudy this new area of elementary particle physics . The results con­
tained in the three fol lowing paragraphs are independent from each other . However ,  
i t  is worthwhile to mention that the most important ingredient in  these approaches 
i s ,  as we wil l  see ,  the notion of colour and the QCD. 

1. MESOBARYONIUM: AN INTERESTING CANDIDATE 

Considering systems of 4q ,  lq , an extension of the model proposed by Chan 
and Hogaasen2) for baryonium states has been studied . After briefly recalling 
the theoretical characteristics of such states , we wi l l  emphasize the recent dis­
covery by the ACNO group3) of a narrow enhancement in the E-K+K0 , mass spectrum 
at 2 . 58 GeVLc2 : this resonance is a very p lausible candidate for a state (udss;) 
appearing in the multiplet of our model at a mass of 2 . 6 1  GeV/c 2 .  

Let us consider a high-spin sys tem o f  4q , l q  as constituled b y  two sub­
systems () and D separated by an angular momentum L, each sub-system bei ng 
separately in an s wave state4) .  Among the different possibi lities which occur , 
two of them are the mos t susceptible of being associated to rather s table s tates : 
they are () 3q ,  D = qq where () and D are colour octets , and 8 = qqq , 
D = qq with () and D antisextet and sextet of colour, respectively , the total 
s tate 8D being, of course ,  a colour single t .  As for baryonium states , a simple 
consideration of colour l eads to different families of states , with different pro­
perties (different decays , different masses , and so on) . Note that the experi­
mental discovery of colour isomers , which cannot be considered in the case of 
usual mesons and baryons , would be a proof of the colour degree of freedom! The 

determination of the spectrum of such s tates is based on the fol lowing two 
assumptions : 



i )  the mass es o f  the 0 o r  D "pseudo" s tates are s p l i t  b y  the interactions 
between the quarks in 0 or D due to colour exchange . 

i i )  t h e  0-D s tates l inked b y  t h e  angular momentum L are assumed t o  fal l 
on Regge trajectories where the s lope is dependent on the colour of the sub-sys­
tem 0 ( or D) following the MIT bag model approachS) , 

Note that the s lope 
to the energy of the 

- 2  a�=B 
= 0 . 6  ( GeV/ c )  

L = a + a '  M2 
0 c ( 1 ) 

a '  includes all contributions o f  the clas s i cal colour field c 
system when the spin of the quarks is neglected . We have 

- 2  while a�=6 
= 0 . 5 7 (GeV/c) . Now l e t  u s  recall that inter-

actions due to colour gluon exchange can be separated into two parts :  the spin­
dependent ( co lour-magnetic) part and the spin-independent ( colour-electric) 
one . There are good reasons for believing that the colour-magnetic interaction 
is short-ranged and , i f  s o ,  perturbation theory applies because of asymptotic 
freedom. Let us recall that the mas ses of the s wave baryons {qqq) and mesons 
( qq) s tates are very wel l  explained by the one-gluon exchange interaction6 ) . S o ,  
let us first consider t h e  0 (or D) sub-system. The spin-spin interaction be­
tween two quarks , i and j ,  can b e  written: 

� �  v . .  = - c . .  :\ .  :\ . a .  a .  l J  lJ _1 _ J  1 J 
where C . .  lJ is proportional to the gluon coupling constant 
overlap of the quark wave functions , and where and 
Mann and P auli matrice s . 

( 2 )  

°'s and depends o n  the 
are the usual Gell-

Now, let us consider the total 0-D s t ates . The colour singlet s tates of 
spin S ,  with S belonging to the decomposi tion of the SU( 2 )  product of rep­
resentation s :  s0 x s0 = l s0 - s0 1 + • . .  + l s0 + s0 1 where s0 and s0 are respec­
tively the spin of the 0 and D s ub-sy s tems , are a priori not eigenstates of 
the total Hamiltonian, b ecause of the gluon exchange between the quarks ( or quark­
antiquark) . But gluons do not carry flavour . Therefore , because of the Pauli 
principle they cannot flip the co lour of a sub-sys tem without also fl ipping the 
spin. I t  follows that the spin-independent part of the Hami ltonian is diagonal 
in the s tates under cons ideration . Moreover, if magne tic forces are short-ranged 
their effect should decrease rapidly with L: this assumption i s  well verified 
for classical qq mesons . I t  results from these arguments that for high values 
of L ,  which correspond to the states of interes t ,  the s t ates 0-D should be 
approximate eigenstates of the Hami ltonian. 

for 

Using a non-relativis tic mass formula of the type: 

M = E m + < H' . > 
q q magne tic 

s wave s tate s ,  i t  appears reasonab le from classi cal hadrons to us e for 

(3 )  

c . . 1 1  
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of formula ( 2) an  average value c � 20  MeV as  far as  only up and down quarks are 
considered . In the case of one strange quark interacting with a non-strange one , 
C is closer to 12 . 5  MeV . We have used the approximation that all coefficients 
are equal to c = 15 MeV in our mass estimates . This corresponds to neglecting 
the E-A mass difference of 78 MeV, and this number gives the kind of accuracy 
we believe exists today in our mass predictions . For the effective quark masses , 
we have used 360 MeV and m = 535 MeV . s 

As far as three flavours are considered, it is now a group theoretical exer­
cise to construct the SU(3) flavour multiplets with their quark content , their 
corresponding spin, and the mass defect corresponding to < H�agnetic > .  

Considering the colour octet bonded states , i t  appears that the lightest 
4q , lq states with L # 0 are the states L = 1 belonging to the flavour-spin 
representation [F = 9 ,  S = 3/2] corresponding to the configuration e1 ( 8 , 2)D9 ( 8 , 3) 
if the subscript in 8 or D refers to the flavour while the two numbers inside 
the bracket are relative to the colour and spin representation . These states 
have by far the greatest defect due to < H' > .  When these calculations were in m 
progress last spring , we had as possible candidates two 
one at 2 . 13 GeV/c2 seen in the A ITIT effective mass at 
one at 2 . 26 GeV/c2 with I 1 ,  y = o decaying into 

narrow peaks ; the first 
the ISR7) , and the second 
Arrrrrr 8) and Ew 9)  

• 

Assuming the state 2 . 26 GeV/c2 to be a member of a flavour nonet with 
L = 1 ,  JP = 5/2+ ( recall total angular momentum J = ! + S) allows us to deter­
mine the intercept a

0 

= -2 . 19 of the Regge traj ectory: 
L = - 2 . 1 9 + 0 . 6 M2 (4 )  

Such a normalization by the 2 . 26 GeV/c2 state allows us to fix the masses of 
the other members of the flavour nonet f9 , 3/2] , L 1. Moreover, Eq . (4) 
allows us to draw the Chew-Frautschi plot of states . A study of such trajectories 
can yield an -- at least qualitative -- expectation of the state decays in ano­
ther colour octet bonded state by emission of a l ight meson. One can see, for 
example, that the Y = 0 states with no hidden ss pairs in the family [9 , 3/2] 
have no open wave pion emission channel .  A more complete study leads to the 
conclusion that the most narrow states are to be found in the [9 , 3/2} trajectory 
and in another traj ectory denoted [72, 5/2] . Then the above discussion justi­
fies the choice of the flavour nonet [9 , 3/2] with JP = 5/2+ for the states 
2 . 13 end 2 . 26 GeV/c2 • (As already mentioned, we believe the order of magnitude 
in the uncertainty of our mass predictions to correspond to the E-A mass dif­
ference) . In this flavour nonet,  there is an isosinglet Y = 0 partner con­
taining a hidden ss pai r .  Because of its quark content udsss,  its dominant 
decay mode would be into three s trange particles and its mass should lie around 
2 . 26 GeV/c2 • 



- +-o o -Last summer, in the analysis of the final state E K K1IT produced in K p 
2 - +-o interactions at 4 . 2  GeV/c,  a narrow (f � 40 MeV/c  ) enhancement in the E K K1 

mass spectrum at a mass of 2 . 58 GeV/c2 has been observed by the ACNO col labo­
ration3) . We therefore think that mesobaryonium states have been discovered . A 
las t  question remains concerning the isospin of this ( E-K°K1) state . If its 
isospin is not I = 0 but I = 1 ,  i t  wi l l  be possible t o  include this s tate in 
a multiplet [27 ,  3/2} L = 1 of colour antisextet-sextet bonded states . However, 
we think that the prettiest picture would emerge if the observed s tates are octet 
bonded . 

M 2 . 26 GeV 

M 2 . 43 GeV 

M 2 . 43 GeV 

M 2 .6 1  GeV 

D981 

[3/ 2 , 9] states 

NO HIDDEN ss PAIR 

uddsu udsud 

uds0su �dssd 

HIDDEN ss PAIR 
udsds uudsS y 

udssS y 0 

y 0 

y -1  

Quark content for the nonets 81D9 of the colour octet bonded �tates , 
Masses are given for the lowest lying L = 1 [9 , 3/2} with J = 5/2+ . 
Taking care of the magic mixing we have separated the s tates with hid­
den ss pairs from the others . 

--y (1385 I out 
282 weighted events 

10 

02 �26���-2L4_2_L__L__L_2_L5_8_L_-1_ L-C2L74���----' 

Mass([- K' Ko) GeV 
The (E-K+K0) mass dis tribution in the reaction K p -+ E-K+K�1r0 at 
4 , 2  Gev/c .  Events in the y*( l385) mass region have been excluded , 
The curve is the result of a fit to the histogram of an incoherent 
superposition of a relativistic Breit-Wigner function and a second 
order polynomial . 
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2 .  POSSIBLE EXISTENCE OF SEVERAL S WAVE STABLE DIBARYONS 

Jaffe, looking at the mass defects due to gluon exchange forces for a 6q 
state in the framework of the MIT bag model ,  concluded that there existed a six­
quark dihyperon (uuddss) light enough to be stab le against strong interactions lO) . 

Considering the form of the colour magnetic interaction where, in a firs t 
step, the symmetry breaking effects have been neglected: 

< H 'm > t8 - i c6 ( c s )  + � S ( S  + l� C ( 5 )  

it clearly appears that the greater is the value S6 ( cs )  of the quadratic 
Casimir operator for the colour-spin SU ( 6 ) cs� SU ( 3 ) c x SU ( 2 ) s , the s tronger is 
the bonding . 

If we look at all the possible flavour-spin-colour configurations for six 
quarks in the s wave , satisfying the Pauli principle as far as three flavours 
only are involved , it appears that the biggest value of c6 ( cs )  is relative t o  
the 4 9 0  dimensional SU( 6 ) cs representation. the Young tableau of which is E£fl 
and c6 ( 490) = 144 . The corresponding SU ( 3 ) F f l avour multiplet is then a sin­
glet � . Evaluating corrections due to the SU(3) F breaking (mu , d  ! ms ) ' 
Jaffe found that one could .�c<pect this state JP 

= O+ to be stab le with a mass 
of 2150 MeV / c2 • Note that the Brookhaven-Princeton collaboration did not find 
any narrow structure for H in the miss ing mass spectrum of the reaction 
pp + K+K+X, however, two other experiments looking for H are in progress now . 

Now, let us ask the fol lowing quest ion: what can we say if we increase the 
number of flavours? The answer is quite interesting11) : if the number of fla­
vours is greater than three , then only two new F . C . S .  configurations can be added 
to the previous set of representations . These are the 840 and 1134 dimensional 
SU( 6 ) representations with Young tableaux � and � respectively to which 
correspond the SU(n) F ' n > 3, representations r and ' . Moreover, looking 
at the values of c6 ( c s )  we find: c6 (840) = 144 = c6 (490) and c6 ( 1134) = 

= 160 > c6 (490) ! Therefore it could be worthwhile, considering the case F = 4 ,  
t o  consider more carefully the dibaryons supposed t o  belone t o  the corresponding 
10 , 10 and 6 dimensional SU ( 4 ) F representations respectively . (Note that 
the tableau m is an SU( 3) s ing let but an SU(4) antidecuplet) · For such a 
calculation the effects of SU(4) F symmetry breaking mus t be determined as pre­
cisely as pos sible . E s t imates of the coeffi cients Cij can be given; however, 
the complete evaluation of < H� > involving fractional p arentage coefficients 
proved to be too compl icated in specific cases , and only limits can be set in 
general . 

I f ,  to estimate the stability of such states , we us e the MIT bag mass formula, 
we wi ll find that the 26 states of the 10 , 10 and 6 SU ( 4 ) F representations 



appear as bound dibaryons . But the conclusions are quite different if we choose 

a mass formula of the form given in Eq. ( 3) . Let us note that this last mass 
formula is linear in the number of quarks , while the first one depends on N3/4 • 
Therefore it usually gives heavier multiquark states than the MIT bag model mass 
formula . However, because of the uncertainty in the coefficients C . . as soon 1.J 
as charmed quarks are involved, there remains some hope for certain of these 
states to appear as bound states . This is in particular the case of the lightest 
state (ududsc) in the sextet. Even with the mass formula of Eq.  (3) this state 
could be stable against the decay into A (nns) and C0(cnn) . 

3. HIDDEN COLOUR AND 66 ISOBARS IN THE DEUTERON 

As far as dibaryons are concerned, one can ask how well-known states as deu­
teron can be considered in the framework of a 6q system. Comparing experimental 
data on deuteron form factor at large q2 12) with the predictions of dimensional 
quark counting rules13) , Matveev and I suggested that there is a possibility of a 
tunnelling transition of the real deuteron into a 6q s wave state with a pro­
bability of 7% . Therefore the deuteron state could be written as a superposition 
of a proton-neutron state and a 6q s wave state. 

j d  > a j p  - n > + S j 6q-s wave bag > (6 )  

with a2 
= 93%  and s2 

= 7% , the spherical part j 6q-bag > being affected in 
the same quantum numbers as the deuteron, i . e . , S = 1 ,  I 0 .  Of course ,  the 
above description automatically reproduces the nuclear physics predictions of the 
deuteron . In particular, it lets simply appear the existence of an amount of 66 
isobar constituent in j d  > ,  these isobars being contained in the j 6q-bag > .  
Using Clebsch-Gordan coefficients o f  the group SU(l2) � SU(3) colour x SU(2) spin x 
x SU( 2\sospin' 
6q state into a 

as well as the Pauli principle, it is poss ib le to decompose the 
j 3q> j 3q> basis . The 3q , or baryon states , present in this 

decomposition are either in a singlet or in an octet of colour, i . e . : 

j 6q - s wave bag > = 10:Z j B1-B1> + /O:S j s8-B8 > ( 7 )  

A detailed calculation of  the j B1-B1> part led us to  conclude that the deuteron 
can be seen as constituted by about 93 . 8% of p-n, 0 . 6% of 66 and 5 .6% of 
"hidden colour", this last part corresponding to j B8-B8> .  

Very recently , with Hogaasen and R. Viollier14) , we have considered in more 
detail this hidden colour part , and first calculated that it contained about 14% 

8 8 8 8  8 8  8 8 of 6112 - 6112 and 86% of .N112N112 and N312N312 , if we use 63 and NJ 
to denote the isospin 3/2 and 1/2 systems of spin J ,  Imagining the emission of 
a gluon from a 68 towards another 68 , this gluon could provoke a decolouration 

8 8 1 1 of the pair 6112 - 6112 into a pair 6312 - 6312 , and in the same way transforms 
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. 8 8  8 8  1 1  the pairs N 11 2N 11 2 or N 31 2N312 into N 11 2N 11 2 pairs . But it is  reasonab le 
to think that the emitted gluon wi l l  not reach the second B8 partner without 

creating quark-antiquark pairs . Then one can think that the 6 1-61 part coming 

from 68-68 will  be seen in an inclus ive experiment , as wel l  as the 6 1-6 1 frac­

tion coming f rom the B1
-B1 p ar t ,  but not in an exclusive experiment where only 

the 6 1-61 coming from B1-B1 wi l l  be taken into account . From our calculations 
the amount of 66 susceptib le to be measured in an inclus ive experiment would 
be ( 0 . 6  + 0 . 8) % = 1 . 4 % ,  i . e . ,  more than twice the 66 fract ion ( 0 . 8%) coming 

from only B1-B 1 . Looking now at the experimental  s i tuation15)  it effect ively 
appears that the amounts of 66 isobars found in deuteron varies fol lowing the 

considered spectator isobar experiment is  a quasi-elastic one or an exclusive 
one . If in genera l ,  these exclusive reaction experiments agree for the 66 iso­
bars to be in the range 0 . 4  - 0 . 9% , the ( only) high energy inclus ive e"periment 
of Benz and Soding16) who s tudied the reaction yd + 6++ ( 1 232)  + anything gives 
3 . 1% !  I f  future experiments confirmed that the percentage o f  spectator-l ike 6 ' s  
i s  greater in inclusive than i n  two-body break-up reactions this would b e  a sig­

nature for the existence of colour non-s inglet l 3q> systems in the deuteron . 
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