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Abstract 

The possibility is suggested that there may be 

nuclear states in which the individual nucleons are not 

color singlets but the overall nucleus is a singlet. Some 

experimental signatures are discussed. 
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It is becoming increasingly plausible that physics 

is on the verge of a correct theory of the strong interaction. 

This theory, called quantum chromodynamics (QCD)l, is a 

logical, dynamical outgrowth of the naive confined colored 

quark model, and ascribes confinement to the non-linear 

non-abelian self interactions of the exchanged vector gauge 

bosons of the theory, the so-called gluons. Thus, in this 

theory, the fundamental particles of the strong interaction 

are a triplet of colored quarks (say red, blue, green, 

transforming as a 3 of SU(3) color), their antiparticies 

(transforming as a 	), and an octet of self-conjugate gluons 

(transforming as the 8 of 3 0 ). Only the quarks carry 

electric charge and flavor (e.g., up-down for isospin); since 

the conventional Gell-Mann - Zweig quarks 2  have fractional 

electric charge, confinement was originally invoked ad hoc 

to prevent such fractionally charged objects from ever 

emerging to the detectors. 	It should be emphasized that, 

as of this writing, no one has rigorously established that 

QCD confines color (i.e., starting with the bare QCD 

lagrangian, the only states in its spectrum at finite energy 

transform like a 1 of color); on the other hand, it seems 

rather likely that it does. 

We may state the original hypothesis of confinement 

as: all systems containing quarks must present integral 

electric charge to an electromagnetic observer at infinity. 

We wish to generalize this to the following working 

hypothesis of color confinement: all systems containing 

colored objects must be overall coupled to a color singlet 

with reference to any observer at infinity. Further, we 

wish to add the following sometimes overlooked observation: 
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a theory of the strong interaction must not only be 

consistent with high energy particle phenomena but also 

must be consistent with low energy nuclear phenomena. 

One normally assume that all baryons are confined 

color singlets, and that all nuclei are always composed 

of color singlet baryons insofar as a potential or baryon-

meson description of nuclei is applicable. All models 

to-date assume that, if a phase transition to quark matter 

should occur, it must be an unstable highly transient inter-

mediate scattering state, while ordinary phenomena are 

discussed in terms of known hadrons (baryons and mesons) 3 . 

We wish to take exception to this point of view, if for no 

other reason than from a lack of empirical evidence, and 

thus suggest the necessity of further experimental 

investigation. 	In this matter, we do not regard the rather 

phenomenological confinement models (such, as the MIT bag 

model) 4  as exhausting the low energy possibilities of QCD 

until a pure QCD proof can be obtained showing that in 

fact they do; rather, we take a more open viewpoint. 

Consider an ordinary baryon in the naive confined 

colored quark model. 	In this case, it is viewed as three 

valence quarks coupled to the fully antisymmetric color 

singlet state. 	In a nucleus, one could model the ordinary 

binding as in Fig. 1, which is just quark exchange, where 

the exchanged state (in t channel) obviously has mesonic 

quantum numbers 5 . Such as interaction in ordinary atomic 

physics leads to the Van der Waals potential; we note in 

passing the remarkable similarities between the atomic 

Van der Waals interaction and the low energy nucleon-nucleon 

interaction,, aside from the obvious difference in range. 

It is not the purpose of this letter to show detailed 

calculations upon this or the following suggestions, but 
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merely to put them before the physics community as possible 

conclusions; details will follow in a subsequent article. 

Consider the following SU(3) color identity: 

33 	3 8 3 8 3 = 10 • 8 • 8 G 1. 	It is usually assumed 

by the confinement hypothesis that only the 1 is a 

physical state; and for states of baryon number 1, we 

tentatively agree. However, we wish to emphasize that 

there is no logical necessity for making this assumption 

for states of larger baryon number. 	For simplicity, 

consider the two baryon system, the "deuteron". 	In this 

case, the usual color assignment is (38383) 0 (3303) -'- 

(1)0(1) - 1. 	However, we note that (33)  8 (33)  -'-(8) 0(8) -'-1, 

just as well, except that the (8) 8(8) is "color polarized". 

Further, while the 1 in 33  is fully antisymmetric, the 8 in 33 

has different internal symmetry; to maintain Fermi statistics, it 

is necessary to change some other aspect of the wave 

function. For nuclei, we have the Lorentz degrees of 

freedom (space - spin-space) and the isospin state to 

achieve overall antisymmetry. Also, we do not wish to 

suggest that the relevance of the process in Fig. 1 for 

ordinary nuclei extends as well to these possible exotic 

states. 

As another example, consider the three baryon system, 

e.g., the triton. 	Here one could have (33) 
	(33)8(33)3.(10*) 

8(10)-f1, where two of the 10 states in 
33 
 are coupled to 10 

Of course, with static gluon fields, the number of possibilities 

enlarges. 

Contrary to current opinion, suppose such a state 

were at a relatively finite, perhaps even low, energy. 	For 

brevity, we will term such an exotic nuclear state a quarkleus. 

What would be its characteristics? 	For simplicity, we will 

assume it is below the meson threshold in excitation energy, 

so that the major decay channels open would be by gamma emission, 

perhaps to an unbound state. 

It would be a relatively long lived state, simply by 

the requirement of gamma decay, since it could not decay 

immediately to color singlet baryons unless the 
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the appropriate number of color excited baryons in the 

quarkleus were to simultaneously switch back. 	Further, 

it would be more strongly interacting than ordinary nuclei. 

We may see this by means of some rather crude analogies, 

for which a more detailed justification will be given in 

a forthcoming publication. 	First, its quark matter 

distribution would be "color polarized'.. 	If we make a 

molecular analogy, it would be the difference between 

Cd4, which interacts mainly by the Van der Waals, 

potential, and H20, which has a dipole field. 	Needless 

to say, both are electrically neutral, but the difference 

in interaction is enormous. However, we do not suggest 

that the color field has associated with it a long range 

force like the electromagnetic field; we mention merely 

that the force locally behaves in such a fashion until 

it is confined in space, and this field could extend for 

several Fermi beyond its quark source. 	Further, it would 

be better able to retain its identity compared to ordinary 

nuclei in that, while it would strongly interact with 

hadronic material, it could not absorb such matter without 

appropriate color recoupling. 

In passing, we wish to make the observation that 

this behavior is not inconsistent with observed high 

energy nucleus-nucleus phenomenology. Here one notices 

that thermal models of the collision qualitatively reproduce 

single proton inclusive spectra (including normalization), 

but fail rather badly for pions, which are in fact produced 

in much fewer numbers than the models predict 6 . These 

models assume only known nuclear and particle excited 

states; additional states with non-zero baryon number (such 

as quarklei) at low enough excitation energy would decrease 

the pion production predictions. Further, a more strongly 

coupled medium would permit the thermalization and 

hydrodynamical flow to be more (theoretically) palatable. 
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We suggest the following experimental tests: 

A component of nuclear fragments from collisions with 

a larger than normal cross section, simply from the 

increased strength and apparent range of the interaction. 

In fact, there is an old cosmic ray controversy alleging 

just such a component 7 , and there is the possibility that 

such a component may be required by extensive air shower 

data 8 . The cross-section of such an object might not 

appear unique, unless care was taken to select a pure 

quarkleus, as one might have a multi-baryon bound state 

which contains a quarkleus "core" and a baryon "mantle". 

A violation of Bose symmetry in a-a scattering. This 

would be the case when a nucleus and a quarkleus is made; 

since the quarkleus might decay in flight, one must exercise 

more than the normal care to properly detect the final state 

angular distribution. 

The examination of light nuclei for excited states 

(accessible via nucleus-nucleus scattering, for example) 

of narrow width at higher energy. This requires a rather 

careful kinematic analysis and background elimination, 

since the production branching ratio is probably very small, 

especially at threshold. 

The reevaluation of the N-N phase shift analysis, and 

perhaps the extension of the technique to light nuclear 

scattering, although this promises to be rather difficult. 

In the ordinary analysis, one assumes only space-spin-

isospin degrees of freedom, which would be valid if the 

hadrons always remained individual color singlets. 	Instead, 

one needs to examine the data from the point of view of 

space-spin-isospin-color. 

In all of the above, it must be mentioned again that 

the effect is probably quite small in asymptotic states, 
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perhaps with a few percent production ratio even at high 

energy. This necessitates a rather high precision. 	On 

the other hand, such experiments could lead to a significant 

increase in our understanding of hadronic matter. 
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Fig. 1. 	Quark exchange resulting in the N-N interaction. 
Both nucleons are assumed to be color sãnglets, and the 
dashed line represents confinement. 
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