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To describe the short range nucleon-nucleon interaction one needs
details about the structure of six- and three-quark systems. Until now
all calculations from which phase shifts have been derived are based on
the cluster model.

In a previous paper [1] we have proposed a classification scheme
based on molecular orbitals instead of cluster model states. This classi-
fication scheme is general and includes nonrelativistic or semirelativis-
tic constituent quark models as well as relativistic current quark soliton
models.

Molecular orbitals are natural to mean field or general independent
particle model (IPM) approximations. Among the various quantum numbers
characterising an IPM state, we call special attention to parity, since
single particle parity is conserved during a collision within the mean
field approximation. Cluster model states have mixed parities, but from
them, linear combinations of good parity can be built. Let us call Z the

separation coordinate. One can define states
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which describe quarks located in the right (R) and left (L) clusters,
respectively. For simplicity we suppose that the nucleon ground state
contains 3 quarks in an s state. Then one can build positive ¢ and nega-

tive m parity states
(o 1
L = [2(1 £ R|L>)T72 (R £ L) . (2)
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These become s and p states in the limit Z - 0. From the ¢ and T states

one can also build pseudo-right and -left states r and £ as
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For molecular orbitals only the transformation (3) is necessary. In the
limit Z + = one has r - R and £ - L, otherwise they are different. More-
over r,% are orthogonal functions which greatly simplify the mathematics
of totally antisymmetric six-quark states including orbital, isospin-spin
and color degrees of freedom. One can work equally well with o,m or r,%
states. |

An important result of Ref. 1 is that we demonstrated that certain
limiting configurations pn 86_n are missing in the cluster model basis
used at present. They appear automatically in a molecular basis and gene-
rate a larger orbital space than the cluster model does, even when both
are built from the same R,L states.

Also, in previous calculations the isospin-spin space has been trun-
cated to representations relevant to NN and AA systems. Many other SU(4)
representations (see Table 1 of Ref. 2) can be combined to the orbital and
color parts to produce totally antisymmetric six-quark states. Taking all
these omitted or neglected configurations into account, we have proposed
a classification scheme [1] with 16 channels in the T=0, S=10or T = 1,
S=0,7 inthe T=0, S =0 and 25 in the T = 1, S = 1 sectors, respecti-
vely. Among these, there are 3 physical channels NN, AA and NA and the
rest couple to the physical states at short separations but the expecta-
tion values of their energies become infinite as the separation goes to
infinity. The new configurations appearing in our scheme as a result of
using molecular orbitals are states with 4 quarks in a bag (or cluster)
and 2 in the other or 5 in a bag and 1 in the other. In the cluster model

calculations these configurations are omitted.



The aim of the present work is to examine the importance of the pre-
viously omitted or neglected configurations. For simplicity, we have con-
sidered the case Z = 0. This is an extreme for the configuration mixing
and it is relevant for short separations Z. The single particle r,% states
are built from cluster model R,L states as indicated above. We diagonalize
a six-quark commonly used nonrelativistic hamiltonian containing a confi-
nement Vc(rij) and a spin-spin quark-quark interaction of radial depen-

dence Vo(rij)
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where M = Zimi, P = Ziﬁi and R? (¢ = 1,...,8) are the generators of the
SU(3) color group. The function vc(rij) is parametrized in the simple form
given by Harvey [2]
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The values of the parameters used in Vor Vg and the size oscillator para-
meter are taken from Table 1 (case 1a) of Ref. 3. They are chosen such as
to minimize the ground state energy of the nucleon. The results of the dia-
gonalisation are displayed in Tables 1 and 2 for the sectors T = 0, S = 1
and T = 0, S = 0, respectively. In each table the first column gives the
state vectors taken into account. The physical states NN and AA together
with the color-color (CC) state are defined in Table 11 of Ref. 2 in

terms of symmetry states. For the other vectors we use the notation of
Ref. 1. For example in the vector (427[61{33}), 42 indicates a state with
4 quarks in a bag and 2 in the other, the upper index + specifies an even
total parity (even relative angular momentum), the partition [6] gives the
permutation symmetry of the orbital part of the wavefunction with respect
to S, and {33} is the dual SU(4) representation to which the isospin-spin
part of the wavefunction belongs. Columns 2 and 4 are the expectation
values in the R,L and r,g basis, respectively, for each six-quark state.
Column 3 is the result of the diagonalization of a 3 x 3 matrix in the

R,L basis. Columns 5 to B are results of diagonalization of matrices of
various sizes in the r,g basis. For both sectors the 3 x 3 matrix in the

r,§ basis gives a higher ground state than the R,L basis. But the addition



of states with 427, 51" configurations has a dramatic effect in lowering
the ground state. One can also see that the total effect on NN of these
unphysical states is more important than the combined effect of the AA
and CC states through the coupling.

On the contrary, the role of SU(4) states - without asterisk in
Harvey's [1] table 1 - is negligible, as proved by the examples exhibited
in Tables 1 and 2. These are the {321} states for T = 0, S =1 and the
{222} for T = 0, S = 0. At large separations this kind of states give
rise to 3-quark clusters (or bags) which do not have values of T and S
compatible with N and A. The reason of their negligible effect is that
they couple to the other states through the spin-spin interaction only
(and tensor if included) and this contribution is much smaller than the
contribution of the confining potential which makes large the coupling
of the 42 and 51i channels to the 33 configuration forming the NN.

As a similar pattern is expected for the T = 1, S = 1 sector, we can
conclude that the number of important states is 7 out of 16 for T = o,
S=10rT=1,S =0 sectors, 5 out of 7 for the T = 0, S =0 and 11
out of 25 for the T
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TABLE 1

T=0,5=1

R,L (cluster)

r,% (molecular)

Channel

1x1 3x3 1x1 3%3 6x6 7x7  10x10

NN 905 592 961 952 413 311 309

AA 1373 1163 | 1687 1594 1308 1292 1285

cc 1083 1603 | 1840 1942 1495 1494 1490
(42*[61{33}) 2099 2158 1578 1573
(427 [421{33}) 2223 2344 2159 - 1655
(427 1421{51}) 1658 2750 2344 2107
(517 [61{33}) 1613 2903 2162
(427[511{321}) 1879 2345
(427[421{321}) 2136 0192
(33 [421{321}) 2485 2933

TABLE 2 T=0,5S=0
g — R,L (cluster) r,% (molecular)

1x1 3x3 1x1 3x3 4x& 5x5 6x6

NN 1140 947 | 1070 1068 253 214 713

AA 1289 1256 | 1644 1606 1604 1155 1154

cc 2020 2245 | 2226 2266 2266 1605 1594
(427[511{42}) 1592 2408 2282 2045
(517[511{42}) 1456 2731 2285
(33 [331{222}) 2038 . 2735




