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Abstract

New theoretical ideas and experimental evidence for exotic hadrons are presented.

A new exciting candidate is an anticharmed strange baryon; i.e. a bound state of a

nucleon and an F (now called Ds). New experimental evidence for four-quark exotic

mesons presented at this conference is discussed. The confusion in the E-iota region

and the pseudoscalar spectrum still await further experimental clarification.
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1. An Anticharmed Strange Baryon and the H Dibaryon

The possible existence of exotic hadrons remains one of the principal questions in

hadron spectroscopy and the application of QCD to hadron physics.1 One of the most

interesting candidates for a bound exotic is the H dibaryon, a bound state of two A's.

Although Jaffe's original calculation2 and subsequent work3 indicate a gain in hyperfine

interaction energy by recouping color and spins in the six quark system over the two-A

system, a lattice gauge calculation4 indicates that the // is unbound and well above the

AA threshold. Furthermore, although hyperfine binding calculations3 indicate that the

gain in hyperfine energy is very sensitive to fiavor-SU(3) symmetry breaking, the lattice

gauge calculations indicate that the binding of the H is insensitive to the strange quark

mass and therefore to the SU(3) breaking that strongly afFects the hyperfine interaction.

In attempting to understand the physics behind these calculations, one immediately

concludes that the lattice gauge calculation is emphasizing different physics from the bag

and potential model calculations. It is not obvious at first where the important physics

is and which calculation includes the important physics.5 However, one feature of the

lattice calculation is a repulsive A-A interaction generated by quark exchange. This quark

exchange force is not taken into account in the simple bag model picture, and there is some

question as to whether it is correctly described in the lattice calculations.5 However, it is

clear that such a repulsive interaction can well prevent the six quarks from coming close

enough together to feel the additional binding of the short range hyperfine interaction.

It is therefore of interest to look for other cases of hyperfine binding where such a

repulsive exchange force may not be present. One case is an anticharmed strange baryon

(cuuds), which has a hyperfine binding roughly equal to that of the tl, but which has no

possibility of a quark exchange force in the lowest decay channel FN. If this five quark

system breaks up into an F and a nucleon, there is no possible quark exchange between

the two hadrons without flavor exchange, and therefore no diagonal matrix element of the

one-gluon-exchange interaction that could give rise to a short range repulsion.

The possibility of anticharmed baryons as good candidates for possible bound ex-

otics was pointed out at the 1980 baryon conference.5 However, the nonstrange an-

ticharmed baryon did not seem to have any hyperfine binding, and the strange anticharmed

baryon seemed so remote from experiment that it was not pursued seriously. Now, however,

that charmed strange baryons have been produced in hadronic experiments which also pro-



duce charmed antiquarks, there may be a serious possibility of producing the anticharmed

strange baryon if it is bound.

There is therefore interest both in an experimental search for the anticharmed

strange baryon and in a lattice gauge calculation. The simplest lattice calculation would

be with an infinitely heavy charmed antiquark and four light quarks uuds, in the sym-

metry limit where all light quarks have the same mass. It is of definite physical interest

to see whether such a lattice calculation will give similar results to the H calculation or

will exhibit a qualitative physical difference. This comparison may provide considerable

insight into our understanding of the physics of QCD in multiquark systems even if the

anticharmed strange baryon is not found as a physical bound state in experiment.

The indication that the anticharmed strange baryon may be bound comes from

an examination of the color-spin hyperfine interaction exactly analogous to the original

treatment of this interaction in the H dibaryon. For any multiquark system the hyperfine

interaction is maximized by choosing the best posssible color-spin coupling for the system,

subject to two constraints:

1. All quarks of a given flavor must satisfy the Pauli principle.

2. The multiquark state must be a color singlet.

We now note that the second constraint is relevant only for the A and not for

any of the other stable mesons and baryons. All other states in the baryon octet which

have two quarks of the same flavor are required by the Pauli principle to be either in

the 70 or 20 dimensional representations of the color-spin SU(6). The 56-dimensional

representation which is totally symmetric is forbidden by the Pauli principle. Both the 70

and 20 contain spin-1/2 color singlets and spin 3/2 color singlets respectively and give a

unique classification for the baryon octet and decuplet, except for the A, with no further

restrictions from the second constraint.

The A, which has three quarks of different flavors can be placed without restrictions

from the Pauli principle in the symmetric 56 representation of SU(6). This would optimize

the hyperfine interaction. However, the 56 does not contain a color singlet, and therefore

the A must be classified in the 70 with the other octet baryons.

In discussing the stability against breakup of an exotic multiquark system, it is

convenient to consider the color spin couplings of the lowest lying two-hadron threshold,



and to see whether hyperfine energy can be gained by recoupling color and spins. The

above argument shows that the most favorable cases are those in which a A is present

in the breakup threshold. The requirement that the three quarks in the A must be in a

color singlet is immediately relaxed when additional quarks are present, and this gives the

multiquark system additional freedom to gain hyperfine energy by recoupling color and

spin, which is not present in other cases.

We now consider the explicit calculation of the hyperfine interaction for the an-

ticharmed strange baryon in the limit where the charmed quark has infinite mass and its

hyperfine interaction energy is neglected, and SU(3) flavor symmetry is assumed for the

light quarks. We compare this with the similar calculation for the H dibaryon.

Since we are considering hyperfine interactions in systems containing only quarks

and no active antiquarks, we can use the simplified form of the color-spin hyperfine inter-

action for such systems:

V = -(1/2) (C<$ -C3- {8/3)S{S + 1)- 16N) (1)

where CQ and C3 denote the eigenvalues of the Casimir operators of the S£/(6) color-spin

and SU(Z) color groups respectively, S is the total spin of the system and N is the number

of quarks in the system. We consider the following states:

| A) = | 70 , l , l / 2 , 3 ) (2a)

\H) = |490, l ,0 ,6) (26)

\P-CS) = |210,3,0,4) , (2c)

where we have labeled the states by the quantum numbers \d,6,d,3,S,N) and ds and ds

denote the dimensions of the color-spin SU(&) and color SU(3) representations in which

the multiquark states are classified. We denote the anticharmed strange baryon as P<,t for

pentaquark.

The hyperfine interaction (1) is easily evaluated for the states (2) by substituting

the eigenvalues of the Casimir operators:6

CG(70) =66 (3a)

C6(490) = 144 (36)

C6(210) =(304/3) (3c)

Cs(3) =(16/3). (4)



We therefore obtain

V{A) =8 (5a)

V{H) = -24 (56)

V(PM) = - 1 6 (5c)

The gain in binding energy over the relevant threshold is then given by

B{H) =V(H)- 2V{A) = -8 (6a)

- 8 . (66)

Thus we see that the gain in hyperfine interaction for the anticharmed strange

baryon over the relevant anticharmed-meson strange-baryon threshold is equal to the gain

for the H over the relevant AA threshold. Note that in this symmetry limit where the hy-

perfine interaction of the charmed antiquark is neglected as well as flavor SU[3) symmetry

breaking, the A — D and N - F thresholds are degenerate.

At this level it appears that the anticharmed strange baryon is an equally attractive

candidate for hyperfine binding as the H dibaryon.7-8

The introduction of SU(3) symmetry breaking has been shov/n to reduce the binding

of the / / , and a similar effect occurs for the PE,. This is easily seen by noting that hyperfine

binding energy of both thec Pns and the II is reduced by reducing the color-magnetic

interaction of the strange quark. However the strange quark plays no role in the magnetic

interactions of the A A, A — D and JV—F final states and their hyperfine binding energies are

unaffected by SU(3) symmetry breaking. Detailed calculations7'8 show that the reduction

of binding by symmetry breaking is less serious for the Pds than for the H.

2. A Possible Four-quark Vector Exotic

Recent experiments suggest the presence of four-quark states in the 1.5 GeV region.

The observation at Serpukhov9 of a <j> - -K resonance at 1480 KeV seems to confirm the

Close-Lipkin prediction10 of an isovector vector meson whose charged state would have

the quark constituents (udss). However, this state would not be produced by the pion

exchange reaction observed at Serpukhov. One might expect considerable flavor mixing

in such four quark states, since the ss pair in the four-quark state can be in a color octet

part of the time and be converted into a dd pair via a single gluon intermediate state.11



We now note that the [uddd) state goes into (uduu) under the G-parity transfor-

mation, and that the sums and differences of these two states give eigenstates of G with

opposite eigenvalues and the same isospin, / — 1. Such G-parity doublets occur in the

10 — 10' representations of flavor SU(3) which seems to be the natural classification for

the Serpukhov state.

The exotic '/ n resonance reported by (JAMS at 1400 MeV has exactly the prop-

erties required1' for the G-doublet companion of the Serpukhov state. It would therefore

be extremely interesting to obtain further experimental verification for these two states as

well as for the other exotic states expected in the same 10 — 10* multiplet.

3. The E-iota region and the pseudoscaiar mesons

Although the iota was originally presented as an ideal glueball candidate, subse-

quent experiments and analysis have shown that, the situation in this region is much more

complicated.13 Considerably more experimental work will be necessary to determine ex-

actly what is happening in this region.

The entire pseudoscaiar spectrum is still unclear, despite rumors that the r] and

tf states can be described by standard nonet mixing. A comprehensive analysis using

all available data including hadron production14 as well as radiative processes seems to

indicate that the standard nonet picture is still inadequate.
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