arXiv:1101.1591v4 [hep-th] 4 Apr 2011

Gauge semi-simple extension of the Poincaré group

Dmitrij V. Soroka^∗ and Vyacheslav A. Soroka^†

Kharkov Institute of Physics and Technology, 1, Akademicheskaya St., 61108 Kharkov, Ukraine

Abstract Based on the gauge semi-simple tensor extension of the D-dimensional Poincaré group another alternative approach to the cosmological term problem is proposed. PACS: 02.20.Sv; 11.30.Cp; 11.15.-q Keywords: Poincaré algebra, Tensor, Extension, Casimir operators, Gauge group

∗E-mail: dsoroka@kipt.kharkov.ua †E-mail: vsoroka@kipt.kharkov.ua

1. Recently the approach to the cosmological constant problem based on the tensor extension of the Poincaré algebra with the generators of the rotations M_{ab} and translations P_a [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19] [M_{ab}, M_{cd}] = (g_{ad}M_{bc} + g_{bc}M_{ad}) − (c ↔ d), (1) [M_{ab}, P_c] = g_{bc}P_a − g_{ac}P_b, (2) [P_a, P_b] = cZ_{ab}, (3) [M_{ab}, Z_{cd}] = (g_{ad}Z_{bc} + g_{bc}Z_{ad}) − (c ↔ d), (4) [P_a, Z_{bc}] = 0,

[Z_{ab}, Z_{cd}] = 0 was given by de Azcarraga, Kamimura and Lukierski [20]. Here Z_{ab} is a tensor generator, g_{ab} is a constant Minkovski metric and c is some constant.

In this paper we present another approach to the problem based on the gauge semisimple tensor extension of the D-dimensional Poincaré group which Lie algebra has the following form [13, 21]: [Z_{ab}, P_c] = Λ 3c (g_{bc}P_a − g_{ac}P_b), (5)

[Z_{ab}, Z_{cd}] = Λ 3c [(g_{ad}Z_{bc} + g_{bc}Z_{ad}) − (c ↔ d)], (6) whereas the form of the rest permutation relation (1)-(4) is not changed. Λ is some constant.

The Lie algebra (1)-(6) has the following quadratic Casimir operator: P^aP_a + cZ^{ab}M_{ba} + Λ 6 M^{ab}M_{ab}^{def}= X_kh^{kl}X_l, where X_k = {P_a, M_{ab}, Z_{ab}} is a set of the generators for the Lie algebra under consideration (1)-(6) and the tensor h^{kl} is invariant with respect to the adjoint representation h^{kl} = U^k_mU^l_nh^{mn}. The inverse tensor h_{kl} (h_{kl}h^{lm} = δ_k^m) is invariant with respect to the co-adjoint representation h_{kl} = h_{mn}U^m_kU^n_l. 2. Let us consider a gauge group corresponding to the Lie algebra (1)-(6). To this end we introduce a gauge 1-form A = A^kX_k = dx^μ(e_μ^aP_a + 1 2 ω_μ^{ab}M_{ab} + 1 2 B_μ^{ab}Z_{ab}) with the following gauge transformation: A^′ = G^{−1}dG + G^{−1}AG, where G is a group element corresponding to the Lie algebra (1)-(6). Here x^μ are spacetime coordinates, e_μ^a is a vierbein, ω_μ^{ab} is a spin connection and B_μ^{ab} is a gauge field conforming to the tensor generator Z_{ab}.

A contravariant vector F^k of the field strength 2-form F = F^kX_k = dA + A ∧ A = 1 2 dx^μ ∧ dx^ν F_{μν} is transformed homogeneously under the gauge transformation F^{′k}X_k = U^k_lF^lX_k = G^{−1}F^kX_kG.

The field strength F_{μν} = F_{μν}^kX_k = ∂_{[μ}A_{ν]} + [A_μ, A_ν ] has the following decomposition: F_{μν} = F_{μν}^aP_a + 1 2 R_{μν}^{ab}M_{ab} + 1 2 F_{μν}^{ab}Z_{ab}. Here F_{μν}^a = T_{μν}^a + Λ 3c B_{[μ}^{ab}e_{ν]b}, where T_{μν}^a = ∂_{[μ}e_{ν]}^a + ω_{[μ}^{ab}e_{ν]b} is a torsion, R_{μν}^{ab} = ∂_{[μ}ω_{ν]}^{ab} + ω_{[μ}^{ac}ω_{ν]c}^b is a curvature tensor and F_{μν}^{ab} = ∂_{[μ}B_{ν]}^{ab} + ω_{[μ}^{c[a}B_{ν]}^{b]}_c + Λ 3c B_{[μ}^{ca}B_{ν]}^b_c + ce_{[μ}^ae_{ν]}^b is a component corresponding to the tensor generator Z_{ab}.

An invariant Lagrangian has the following form: L = − e 4 h_{kl}F_{μν}^lF_{ρλ}^kg^{μρ}g^{νλ} = e 4 ( 1 c R_{μν}^{ab}F_{ρλ;ab} + Λ 6c^2 F_{μν}^{ab}F_{ρλ;ab} − F_{μν}^aF_{ρλ;a} ) g^{μρ}g^{νλ}. Note that there exists a curious limit c → ∞ which results in L → L = ( 1 2 R + Λ − 1 4 T_{μν}^aT^{μν}_a ) e, where R = R_{μν}^{ab}e_a^μe_b^ν is a scalar curvature, g^{μν} = g^{ab}e_a^μe_b^ν is a metric tensor, e = det e_μ^a is a determinant of the vierbein and Λ is a cosmological constant.

3. Thus, we have presented another alternative approach to the cosmological term problem within the gauge semi-simple tensor extension of the Poincaré group.

References

[1] H. Bacry, P. Combe and J.L. Richard, Nuovo Cim. A 67 (1970) 267. [2] R. Schrader, Fortsch. Phys. 20 (1972) 701. [3] J. Beckers and V. Hussin, J. Math. Phys. 24 (1983) 1295.

[4] A. Galperin, E. Ivanov, V. Ogievetsky and E. Sokatchev, Ann. Phys. 185 (1988) 1. [5] A. Galperin, E. Ivanov, V. Ogievetsky and E. Sokatchev, Ann. Phys. 185 (1988) 22. [6] D. Cangemi and R. Jackiw, Phys. Rev. Lett. 69 (1992) 233. [7] D. Cangemi, Phys. Lett. B297 (1992) 261 [arXiv:gr-qc/9207004]. [8] D.V. Soroka and V.A. Soroka, Phys. Lett. B607 (2005) 302 [arXiv:hep-th/0410012]. [9] S.A. Duplij, D.V. Soroka and V.A. Soroka, J. Kharkov National Univ. No. 664 (2005), Physical series “Nuclei, Particles, Fields”, Issue 2/27/, p. 12.

[10] S.A. Duplij, D.V. Soroka and V.A. Soroka, J. Zhejiang Univ. SCIENCE A 7 (2006) 629.

[11] D.V. Soroka and V.A. Soroka, Problems of Atomic Science and Technology 3(1) (2007) 76 [arXiv:hep-th/0508141].

[12] D.V. Soroka and V.A. Soroka, Multiplet containing components with different masses. A contribution to the Proceedings of the International Workshop ”Supersymmetries and Quantum Symmetries” (SQS’09) July 29 - August 3, 2009, JINR, Dubna, Russia, [arXiv:0909.3624[hep-th]].

[13] D.V. Soroka and V.A. Soroka, Adv. High Energy Phys. 2009 (2009) 234147 [arXiv:hep-th/0605251].

[14] S. Bonanos and J. Gomis, J. Phys. A: Math. Theor. 42 (2009) 145206 [arXiv:0808.2243[hep-th]].

[15] S. Bonanos and J. Gomis, J. Phys. A: Math. Theor. 43 (2010) 015201 [arXiv:0812.4140[hep-th]].

[16] J. Gomis, K. Kamimura and J. Lukierski, JHEP 08 (2009) 039 [arXiv:0910.0326[hepth]].

[17] G.W. Gibbons, J. Gomis and C.N. Pope, Phys. Rev. D82 (2010) 065002 [arXiv:0910.3220[hep-th]].

[18] S. Bonanos, J. Gomis, K. Kamimura and J. Lukierski, Phys. Rev. Lett. 104 (2010) 090401 [arXiv:0911.5072[hep-th]].

[19] J. Lukierski, [arXiv:1007.3405[hep-th]].

[20] J.A. de Azcarraga, K. Kamimura and J. Lukierski, [arXiv:1012.4402[hep-th]]. [21] D.V. Soroka and V.A. Soroka, [arXiv:1004.3194[hep-th]].