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Low energy QCD in terms of gauge invariant

dynamial variables.

Using a generalized polar deomposition of the gauge �elds into gauge-rotation and gauge-invariant

parts, whih Abelianises the Non-Abelian Gauss-law onstraints to be implemented, a Hamiltonian

formulation of low energy QCD in terms of gauge invariant dynamial variables an be ahieved.

The exat implementation of the Gauss laws redues the olored spin-1 gluons and spin-1/2

quarks to unonstrained olorless spin-0, spin-1, spin-2 and spin-3 glueball �elds and olorless Rarita-

Shwinger �elds respetively.

The obtained physial Hamiltonian naturally admits a systemati strong-oupling expansion in

powers of λ = g−2/3
, equivalent to an expansion in the number of spatial derivatives.

The leading-order term orresponds to non-interating hybrid-glueballs, whose low-lying

spetrum an be alulated with high auray by solving the Shr�odinger-equation of the Dira-

Yang-Mills quantum mehanis of spatially onstant �elds (at the moment only for the 2-olor

ase).

The disrete glueball exitation spetrum shows a universal string-like behaviour with pratially

all exitation energy going in to the inrease of the strengths of merely two �elds, the "onstant

Abelian �elds"orresponding to the zero-energy valleys of the hromomagneti potential. Inlusion

of the fermioni degrees of freedom signi�antly lowers the spetrum and allows for the study of the

sigma meson.

Higher-order terms in λ lead to interations between the hybrid-glueballs and an be taken into

aount systematially using perturbation theory in λ, allowing for the study of IR-renormalisation

and Lorentz invariane.

The existene of the generalized polar deomposition used, the position of the zeros of

the orresponding Jaobian (Gribov horizons), and the ranges of the physial variables an be

investigated by solving a system of algebrai equations. Its exat solution for the ase of one spatial

dimension and �rst numerial solutions for two and three spatial dimensions indiate that there is

a �nite number of solutions separated by Gribov horizons.


