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ABSTBACT 

In models where quarks a re l i b e r a t e d and color can be e x c i t e d , 

the th ree-quark c o l o r - o c t e t s t a t e I s shown to be unbound and uns tab le 

aga ins t breakup i n t o free quarks and diquarlcs. The s igna tu re for color 

e x c i t a t i o n in deep i n e l a s t i c processes w i l l not be a bound three-quark 

s t a t e which decays e l ec t romagne t i ca l l y but a f ina l s t a t e conta in ing 

free quarfcs. / ff.\* , ' , .1 • 
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The production of color octet states has recently been suggested 

[1] as an explanation of an apparent new threshold in deep inelastic 

auon scattering l2l. The purpose of this note is to point out that 

such states should break up immediately into liberated quarks after 

production, rather than remaining bound and decaying 

electromagnetically. There is no model which predicts that color octet 

states of three quarks are bound. On the contrary, repulsive forces 

are predicted for such systems by the usual models based on colored 

gluon exchange which explain the binding of color singlet 

quark-antiquark and three-quark systems [?,U,5]. These models predict 

that color singlet states of qq and 3q configurations are strongly 

bound, "exotic" color singlet states like qqqq or Uqq are not strongly 

bound and may form weakly bound "molecules", and that states which are 

not color singlets, if they exist, are all "superexotic" with strong 

Internal repulsive interactions that cause immediate breakup, with the 

single exception of the diquark. In models where c^arks can be 

liberated and color octet states can be created, these arguments 

suggest that such states will not be bound but will immediately break 

up into quarks and diquarks [5,6,7]. Thus even if the experiment [l] 

excites color, it should not produce a long-lived bound state which 

decays electromagnetically and gives a hard photon signal. The state 

should break up into hadrons, a liberated quartc and a liberated 

diquark. These new peculiar objects should then deeay weakly if they 

have integral electric charge, if they have fractional charge the 

fin^l state must include stable fractionally charged particles. 
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The essential physics in the argiuent can be seen froa the 

analogy with QED. With a vector interaction the electron-positron 

force is attractive, but the electron-electron force ia repulsive. 

Thus QED gives bound states of positroniua, but no bound states of two 

electrons. Similarly, the QCD vector interaction is attractive betwen 

a red quark and a red ant1quark, but the force between two red quarks 

is repulsive. The existence of three colors and the non-abelian 

colored gluon exchange Interaction makes possible the binding of 

quarks ot different colors into baryons. A red quark and a blue quark 

have an attractive force in the antisyaaetrlc color triplet state, as 

a result of a color exchange force in which the two quarks exchange 

colors by exchange of a colored gluon. Thus there is attraction and 

binding in a diquark and in the three-quark baryon if the quarks have 

different colors and the states are antisyaaetric in color. However, 

the force between two quarks of the saae color reaalns repulsive. Thus 

if a state of two red quarks and a blue quark is created, it will not 

bind but will dissociate into a red-blue diquark and a red quark. 

The color octet state created in the absorption of a color octet 

photon by a bar yon still has only one red, one white and one blue 

quark and does not have two quarks of the same color. However, it has 

the color octet syaaetry and is in the same color multiple* as the 

states with two red quarks and a blue quark. Since color is a good 

syaaetry of strong interactions, all states of the color octet must 

have the saae aass. Thus if the state with two red quarks and a blue 

quark has a aass above the threshold Tor breakup into a quark * M n 
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dlquark, a l l states in the octet are unstable against such a breakup. 

In the approxiaation of a one-gluon-exchange potential which 

gives the static coulomb interaction in OED, the argument against 

stabi l i ty of color octet baryons is rigorous [5 -9 ] • The values of the 

strengths of the interactions for one gluon exchange have been 

tabulated in ref [5] and show that the color analog of the couloab 

Interaction between a quark and .'* diquark is repulsive In the color 

octet state and w i l l not give bound states. The validity of simple 

one-gluon exchange can be questioned for describing complicated strong 

interactions in de ta i l , but should give qualitative results regarding 

the sign of the interaction. Without a complete theory of the bound 

states of liberated quarks, no rigorous conclusions are possible. 

However, sealquantitative plausibil ity arguments can be given which 

present a physical picture and suggest that higher order corrections 

should not reverse the sign of the force between two identical quarks. 

In the analogous case of QED, the electric f ield of an 

electron-positron system consist? of lines of force joining the 

electron and positron. >s the distance between the two is increased, 

the f ie ld is spread out over a larger volune ant1 i ts energy increases. 

The energy in the f ield is ainiaized by putting the two particles at 

the same point and canceling the f ield entirely. Thus the 

electron-positron force is attractive. The electric f ield of two 

electrons has no lines joining the two but has a l l lines froa each 

electron going out to in f in i ty . The energy in the f ield is i lniaized 

by separating the two by an inf ini te distance; I t Is aaxiaized by 
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putting the two electrons at the same point. Thus the 

electron-electron force is repulsive. 

Let us now compare the energies in the color fields of two quarks 

of the saae color when they are at the same point in space and when 

they are separated by a very large distance. Since we assume that 

quarks can be liberated, the color field of a quark must go to zero at 

large distances. Let E(g) be the energy in the color field of a point 

color charge of magnitude g. Then the energy in the color fields of 

two widely separated quarks of the same color and charge g is 2E(g). 

If the energy in the field of the two quarks increases as they are 

brought together to a value considerably greater than 2E(g), there 

must be a repulsive force between the two quarks. In the static 

couloab approximation, in which the electric field of a point charge 

la proportional to the charge, the energy in the field is proportional 

to the square ot the charge. The energy of two quarks brought together 

at the same point is E{2g), which In this approximation Is 

E(2g) = UE(g) > 2E<g) (1) 

Thus the force is strongly repulsive as In the case of two electrors. 

Higher order corrections to the color field of a point color 

charge can change this result. However a drastic change is needed to 

reverse the conclusions from eq. (T). The condition that two quarks 

should have an attraction between them is that the energy should 

decrease to less than 2E(g) as they are brought together, 

E(2g) < 2E(g) (2) 
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Although higher order corrections may aodlfy the Tirst order 

result (1) I t seems highly unlikely that they should sake the 

dependence of energy on charge so peculiar as to satisfy the relation 

( 2 ) . This would be equivalent to reversing the sign of the 

electron-electron Interaction fron repulsive to attractive as a is 

Increased. Although this argument is not rigorous. I t is certainly 

suff iciently plausible to suggest that any attempts to analyze 

experinental data to look for liberated color should assise that such 

states wi l l in a l l probability not reaaln bound but w i l l break up into 

quarks and diquarks. 

it quantitative and rigorous result on the stabi l i ty of color 

octet baryons in the one-gluon-exchange approximation is obtainable 

f rc* the mass foraula of Naabu's f i rs t paper diacuaslng the binding of 

colored quarks into hadrons by the exchange of an octet of colored 

gauge bosons [ ? ) . Nambu*s mass foraula, which used only the group 

theoretical aspect of the interaction and not i t s spatial dependence, 

snowed that only color singlet states of the ?q and qq configurations 

were absolutely stable; i .e that their masses were lower than a l l 

possible decay products. The exotic color singlet states were 

borderline cases, with masses exactly equal to the sua of the masses 

of possible decay products. Thus whether or not an exotic qqqq state 

was stable or not against decay into two aesons depended upon smaller 

higher order effects. The non singlet states were a l l highly unstable, 

except for the diquark, with a mass much higher than th* mass of 

possible *ecay products. Thus the jmal l effects which might bind the 
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color singlet exotics would not bind non singlet states, such as color 

octets. This model was extended in ref [53 to consider the spatial 

dependence of the interaction and spatial wave functions for the color 

singlet exotic states and showed that they would not be bound as a 

result of spatial correlations. 

The colored gluon exchange aodel say s t i l l be inadequate, but i t 

i s the only model that predicts that only three-quark and 

quark-antiquark color singlet states should be bound and that there i s 

no bound 1*2 dlplon state. Since these results agree with experiment 

for the color singlet s9etort they can be assumed to have a reasonable 

validity for the color octet sector. Furthermore, the prediction that 

there are no strongly bound quark-antiquark or three-quark states in 

the color octet sector agrees with the Intuitive argument that it is 

very difficult to think of a model which will not give a repulsion 

between two quarks of the saae color. But i f the qualitative results 

regarding the sign of the Interaction are not accepted then there is 

no theoretical prediction at all for which states should be lowest in 

the color octet sector. There is no model that predicts that a 

three-quark color-octet state should be bound. If higher order effects 

are strong enough to rrversf the sign of the coulomb repulsion between 

two identical quarks, the loweat color octet state might be a state of 

nine quarks. 

A treatment of spatial configurations for three-quark color-octet 

states almilar to that of ref. [53 for the qqqq system gives a similar 

result that binding is not produced by spatial correlations with 
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reasonable forces. The introduction of spin dependent forces sight 

lead to weakly bound states analogous to the exotics predicted by 

Jaffe but not yet found CIO]. Such states would be expected to have 

only a saall binding energy of the order of several hundreds of MeV. 

Their production threshold would not be easily distinguished froa the 

threshold for the production of free quarks. Thus even if peculiar 

bound states exist, they are not relevant for the experimental result 

of ref. [1]. They would not be produced appreciably because of poor 

overlaps in the wave function with normal baryons, and experiments 

above their production threshold should produce free quarks much Bore 

strongly. Thus if the new threshold observed experimentally is Indeed 

the production of color octet states, the final states produced should 

be investigated for signatures of free quarks. 
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