arXiv:hep-lat/0110002 v1 1 Oct 2001

Abelian and Center Vortex Condensation in SU(3) Lattice Gauge Theory

Paolo Cea^a and Leonardo Cosmai^b

aDipartimento di Fisica, Univ. of Bari and INFN - Sezione di Bari, I-70126 Bari, Italy

bINFN - Sezione di Bari, I-70126 Bari, Italy

We study the condensation of Abelian and Center vortices in SU(3) lattice gauge theory at finite temperature. We find that both vortices condense in the confined phase of the SU(3) vacuum.

To study the vacuum structure of the lattice gauge theories we introduced [1,2] a gauge invariant effective action for the external static background field ⃗A^{ext}(⃗x)

Γ[ ⃗A^{ext}] = − 1 L_4 ln { Z[ ⃗A^{ext}] Z[0] } , Z[U^{ext}_μ ] = ∫ U_k (x)|_{x4=0} =U^{ext}_k (x) DU e^{−SW} . (1) Z[U^{ext}_μ ] is the lattice Schrödinger functional (invariant, by definition, for lattice gauge transformations of the external links), U^{ext}_k (x) is the lattice version of the external continuum gauge field ⃗A^{ext}(x) = ⃗A^{ext}_a (x)λ_a/2, and S_W is the standard Wilson action. Z[0] is the lattice Schrödinger functional with ⃗A^{ext} = 0 (U^{ext}_μ = 1).

At finite temperature we introduced the thermal partition function in presence of a given static background field: Z_T [ ⃗A^{ext} ] = ∫ U_k (β_T ,⃗x)=U_k (0,⃗x)=U^{ext}_k (⃗x)

DU e^{−SW} , β_t = L_4 = 1 aT . (2)

If we send the physical temperature to zero the thermal functional Eq. (2) reduces to the zero-temperature Schrödinger functional given in Eq. (1).

We would like to detect vortex condensation. To this purpose we use our lattice effective action to define a disorder parameter [3,4] with non vanishing vacuum expectation value in the confined phase:

μ = e^{−Fvort /Tphys} =

Z_T [vort] Z_T [0]

, (3)

where Z_T [vort] and Z_T [0] are, respectively, the thermal partition function with a vortex background field and without the background field, F_{vort} is the free energy to create a vortex.

In SU(3) gauge theory we may consider two independent kinds of Abelian vortices T_3 and T_8 (and their linear combinations) associated respectively to the generators λ_3 and λ_8 (for details see [5]).

In case of center vortices the thermal partition function Z_T [P_{μν} ] is defined by multiplying by the center element exp(i2π/3) the set P_{μν} of plaquettes [6,7] P_{μν} (x_1, x_2, x_3, x_4) with (μ, ν) = (4, 2), x_4 = x^⋆_4, x_2 =^{Ls}_2 and L^{min}_s ≤ x_{1,3} ≤ L^{max}_s , with L_s the lattice spatial linear size.

Figure 1. F^′_{vort}, the β-derivative of the free energy F_{vort} for T_8 Abelian vortices display a peak in correspondence of the rise of the absolute value of the Polyakov loop.

Figure 2. F^′_{vort} for center vortices (L^{min}_s = L/2) and T_8 Abelian vortices (vortex charge n_{vort} = 1).

By numerical integration of F^′_{vort} we can compute F_{vort} and the disorder parameter μ (see Eq. (3)). Our numerical results suggest that in the confined phase of SU(3) lattice gauge theory F_{vort} = 0 (in the thermodynamic limit).

REFERENCES

1. P. Cea, L. Cosmai and A.D. Polosa, Phys. Lett. B392 (1997) 177, hep-lat/9601010. 2. P. Cea and L. Cosmai, Phys. Rev. D60 (1999) 094506, hep-lat/9903005. 3. A. Di Giacomo et al., Phys. Rev. D61 (2000) 034503, hep-lat/9906024. 4. A. Di Giacomo et al., Phys. Rev. D61 (2000) 034504, hep-lat/9906025. 5. P. Cea and L. Cosmai, Phys. Rev. D62 (2000) 094510, hep-lat/0006007. 6. T.G. Kovacs and E.T. Tomboulis, Phys. Rev. Lett. 85 (2000) 704, hep-lat/0002004. 7. L. Del Debbio, A. Di Giacomo and B. Lucini, Nucl. Phys. B594 (2001) 287, heplat/0006028.