


The specific feature of the problems of the strong 

interaction theory consists in the description of complicated 

interaction processes involving a great amount of particles and 

quantum fields. The states of a system thus arising are highly 

correlated, in other words, they are collective states. 

Consequently, the representation of final states of a system as 

free states of the corresponding particles and fields is a very 

rough approach that does not correspond to the physical nature of 

processes. 

Since the correct determination of the collective vacuum is a 

very complicated mathematical problem, simple models in which the 

collective vacuum could be determined exactly seem to be 

interesting. Thereto, in the last few years much progress has been 

achieved in the investigation of collective states of an 

electromagnetic field interacting with the nonlinear media. In 

particular, photon states, in which strong correlations cause 

nonordinary statistical properties [ I - 3 1 ,  have experimentally been 

obtained and theoretically described. 

As it has been shown in ref.[3j, transition to the collective 

state of the quantum field brings about alteration in the relation 

between variances of conjugated quantum values involved in the 

Heisenberg uncertainty relation. For example, a variance of the 

number of quanta, when passing from the Fock state to the 

collective state, increases whereas a variance of a phase 

decreases. Since in experiments of elementary particle physics one 

usually measures a number of particles (or energy), then it is 

necessary to correctly estimate its quantum uncertainty. 

We shall clarify this idea using as an example the model 

describing the Bose-condensation of gluons in the SU(2)-gauge 

theory [ 4 - 6 1 .  The effective Hamiltonian of this model has the 

form: 
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fields. The latter are the complete set, and therefore, any state 

of the system can be expanded in a series over them. For 

simplicity, let us consider the vacuum state of the quasiparticle 

system with the Hamiltonian (5). Expanding it over the Fock basis 

states of the aKh , bKh , and cKh fields and bearing in mind 

the properties of the Fock states: 

(the same with respect to the bKA and cKh fields),we obtain 

where 

Considering the problem of a gluon system, one usually tends 

to estimate the gluon condensation parameter (e.g. see [ 8 ] ) ,  which 

is in this case determined by the expression [5] 

The measurable, from the quantum mechanical point of view, 

values of this parameter lie in the interval 

where 

is the uncertainty caused by the collective quantum properties of 

the system. 

The straightforward calculations of the variance lead to the 

following result: 

From the comparison of expressions (12) and (15) qne can see 

the quantum uncertainty in measuring the gluon condensation 

parameter to exceed the mean value of this parameter. Therefore, 

from the point of view of quantum theory the value <G2> is badly 

measurable. An analogous result is also valid for the wean number 

of quanta of each gluon field. 

Expression (15) yields the distribution width of measured 

values of the gluon condensation parameter. However, for the 

correct analysis of measurements the form of the distribution 

function is also needed. 

Thus, the simplest model considered evidently demonstrates 

increase in the quntum uncertainty of a number of physical values 

when the collective state occurs. It should be noted that the 

higher the degree of nonlinearity of a process, i.e. the more 

various particles and fields participate in the interaction, the 

higher is this uncertainty [3]. Consequently, other problems of 

QCD need estimation of not only means of physical parameters but 

also the corresponding variances and distribution functions. 

The author would like to thank Prof.A.~.Shumovsky for useful 

discussions. 
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