arXiv:gr-qc/0402100 v1 24 Feb 2004

Conformally Invariant Brane-universe and the Cosmological Constant

E.I.Guendelman^∗ Physics Department, Ben Gurion University, Beer Sheva, Israel

E. Spallucci^† Dipartimento di Fisica Teorica, Università di Trieste, and INFN, Sezione di Trieste

A relativistic 3-brane can be given a conformally invariant, gauge-type, formulation provided the embedding space is six-dimensional. The implementation of conformal invariance requires the use of a modified measure, independent of the metric in the action. A brane-world scenario without the need of a cosmological constant in 6D can be constructed. Thus, no “old” cosmological constant problem appears at this level.

Extended objects of various dimensions are present in the modern formulation of string theory. Among the various kind of branes a unique role is played by D–branes as they can trap the end-points of open strings. D-brane inspired cosmological models, commonly termed “brane–universe” models, are currently under investigation as they seem to offer a possible solution to the longstanding hierarchy problem in gauge theories.

The “gauge” formulation of p–branes, proposed some years ago as an alternative to the standard description of relativistic extended objects [1],[2], is well suited to describe this new type of cosmological scenario. Furthermore, the description of p–branes in terms of associated gauge potentials, W^{μ1...μp+1} and B_{μ1 ...μp} , offers a vantage point to study some specific problem as the one concerning the fine tuning of the cosmological constant. 3-branes considered in an embedding 6D space the gauge theory formulation of 3-branes allows a conformally invariant realization [3]:

S = − 1 16πG_{(5+1)} ∫ d^{5+1}x Φ g^{AB} R_{AB} ( Γ ) + e^2 ∫ d^{5+1}x Φ √ − 1 2 × 4! g_{AE} . . . g_{DH} W^{ABCD} W^{EF GH} + − 1 4! ∫ d^{5+1}x √ −g_{(5+1)} W^{EF GH} ∂_{[ E} B_{F GH ]} (1) Φ ≡ ϵ^{A1...A6} ϵ_{a1...a6} ∂_{A1} ϕ^{a1} . . . ∂_{A6} ϕ^{a6} (2) Essential elements necessary to implement conformal invariance are the introduction of a measure of integration Φ in the action which is independent of the metric [4],[5],[6], [7] and a first order formulation of the gravitational action. Brane world scenarios in general are concerned with the possibility that our universe is built out of one or more 3-branes living in some higher dimensional space, plus some bulk component [8], [9], [10], [11], [12]. In particular, 3-branes embedded in 6D space [13], [14], [15], [16], [17]. induce curvature only in the extra dimensions. However, although the branes themselves do not curve the observed four dimensions, the bulk components of matter do, and they have to be fine tuned in order to get (almost)zero four dimensional vacuum energy. In order to solve this problem we propose to incorporate the “brane-like features”, that are quite good, in what concerns the cosmological constant problem into the “bulk” part of the brane scenario as well. In this way both bulk and singular brane contributions will share the fundamental feature of curving only the extra dimensions. The gauge field formulation of 3-branes in 6D is ideally suited for such a program. The action (1) leads to a set of brane-world solutions, including the ones presented in [19] as very particular cases, ds^2 = η_{μν} dx^μ_{||} dx^ν_{||} + ψ ( r) [ dr^2 + r^2 dϕ^2 ] (3) ψ = 4α^2b^2 r^2 [ ( r r_0 )_α + ( r r_0 )_{−α} ]−2 (4)

α ≡ 1 − 4G_{(5+1)}T , b^2 ≡ √ 2 16πG_{(5+1)}B_0 (5)

∗Electronic address: guendel@bgumail.bgu.ac.il †Electronic address: spallucci@trieste.infn.it

2 Notice that the 4D part does not suffer curvature.B_0 and T are constants.

In this communication we have discussed how the gauge formulation of branes can be used in the framework of “brane world” scenarios.

The formulation of 3-branes in a six-dimensional target spacetime can be made in a conformally invariant way. This is possible for extended objects in case the target spacetime has two more dimensions than the extended object itself. This conformal invariance is intimately related to fact that the branes ( or equivalently the associated gauge fields ) only curve the manifold orthogonal to the brane, the extra-dimensions. No fine tuning of a 6D cosmological constant is needed in this case. Therefore, no “old cosmological constant problem” , as Weinberg has defined it [20], appears. While a conformally invariant formulation of the brane alone was already achieved in [18], it is only after the inclusion of gravity into the conformal invariance that the formulation can have an impact into the question of the cosmological constant problem. In our model we are able to formulate the brane plus gravity in a conformally invariant fashion provided the 3-brane is embedded in a six dimensional space.

[1] A. Aurilia, A. Smailagic, E. Spallucci Phys. Rev. D47, 2536 (1993) [2] A.Aurilia, E.Spallucci Class. and Quantum Grav. 10, 1217 (1993) [3] E.I. Guendelman, E. Spallucci Conformally invariant gauge theory of three-branes in 6-d and the cosmological constant;

hep-th/0311102 [4] E. I. Guendelman, A.B. Kaganovich Phys. Rev. D53, 7020 (1996); ibid. D55, 5970 (1997); ibid. D56, 3548 (1997); ibid.

D57, 7200 (1998); ibid. D60, 065004 (1999) [5] Global scale symmetry in these models was studied in E. I. Guendelman Mod. Phys. Lett. A14 1043 (1999); ibid. A14 1397 (1999); ibid. Class. and Quantum Grav. 17, 361 (2000); A.B. Kaganovich Phys. Rev. D63, 025022 (2001) [6] Applications to the fermion family problem can be found in E. I. Guendelman, A.B. Kaganovich Int. J. Mod. Phys. A17, 417 (2002); ibid. Mod. Phys. Lett. A17, 1227 (2002) [7] Theories of extended objects using these ideas have been studied in E. I. Guendelman, Class. and Quantum Grav. 17, 3673 (2000); Phys. Rev. D63, 046006 (2001); E. I. Guendelman, A.B. Kaganovich, E. Nissimov and S.Pacheva Phys. Rev. D66, 046003 (2002); hep-th/020062; hep-th/0304269 [8] V.A. Rubakov, M.E. Shaposhnikov Phys. Lett. B125, 136 (1983); K.Akama “Pregeometry” in Lecture Notes in Physics 176, Gauge Theory and Gravitation, Proceedings, Nara, (1982) eds. K.Kikkawa, N.Nakanishi and H Nariai, 267-271 (Springer- Verlag, 1983), and hep-th/0001113; M.Visser Phys. Lett. B159, 22 (1985); M. Pavsic Class. and Quantum Grav.2, 869 (1985); ibid. Phys. Lett. A116, 1 (1986);

[9] P.Horava, E.Witten Nucl. Phys. B460, 506 (1996); P.Horava, E.Witten Nucl. Phys. B475, 94 (1996) [10] N.Arkani-Hamed, S.Dimopolos, G.Dvali Phys. Lett. B429, 263 (1998); I.Antoniadis, N.Arkani-Hamed, S.Dimopolos, G.Dvali Phys. Lett. B436, 257 (1998); N.Arkani-Hamed, S.Dimopolos, J. March-Russel Phys. Rev. D63, 064020 (2001).

[11] L.J.Randall and R.Sundrum Phys. Rev. Lett. 83 3370 (1999); L.J.Randall and R.Sundrum Phys. Rev. Lett. 83 4690 (1999) [12] V.A. Rubakov Phys.Usp. 44 871 (2001) [13] R.Sundrum Phys. Rev. D59 085010 (1999) [14] J.W.Chen, M.A. Luty, E.Ponton JHEP 0009: 012 (2000) [15] I.I. Kogan, S.Mouslopoulos, A.Papazoglou, G.G. Ross Phys. Rev. D64 124014 (2001) [16] J. Louko, D. L. Wiltshire JHEP 0202:007 (2002);

S.M.Carroll, M.Guica Sidestepping the Cosmological Constant with Football-Shaped Extra Dimensions, hep-th/0302067; I.Navarro JCAP 0309 004 (2003) [17] J.M.Cline, J.Descheneau, M.Giovannini, J.Vinet JHEP 0306 048 (2003);

Y. Aghababaie, C.P. Burgess, J.M. Cline, H. Firouzjahi, S.L. Parameswaran, F. Quevedo, G. Tasinato, I. Zavala JHEP 0309 037 (2003);

Y. Aghababaie, C.P. Burgess, S.L. Parameswaran, F. Quevedo Towards a Naturally Small Cosmological Constant from Branes in 6D Supergravity”, hep-th/0304256 [18] J.A.Garca, R.Linares, J. D.Vergara Phys.Lett. B503, 154 (2001) [19] Model without branes was considered first in E.I. Guendelman Phys. Lett. B412, 42 (1997); coupling to branes was investigated in E.I. Guendelman “Conformally Invariant Braneworld and the Cosmological Constant”gr-qc/0303048 [20] S. Weinberg “The Cosmological Constant Problems” astro-ph/0005265