arXiv:hep-th/0605002 v3 29 Aug 2006

CBPF-NF-003/06

Randall-Sundrum scenario from D =5, N =2 gauged Yang-Mills/Einstein/tensor supergravity

Richard S. Garavuso^∗

Centro Brasileiro de Pesquisas Físicas Rio de Janeiro, RJ 22290-180, Brazil

Abstract

In this paper, a new locally supersymmetric two brane Randall- Sundrum model is constructed. The construction starts from a D =5, N = 2 gauged Yang-Mills/Einstein/tensor supergravity theory with scalar manifold M = SO(1, 1) × SO(2, 1)/SO(2) and gauge group U(1)_R × SO(2). Here, U(1)_R is a subgroup of the R-symmetry group SU(2)_R and SO(2) is a subgroup of the isometry group of M. Next, the U(1)_R gauge coupling g_R is replaced by g_R sgn(x^5) and the fifth dimension is compactified on S^1/Z_2. The conditions of local supersymmetry for the bulk plus brane system admit a Randall-Sundrum vacuum solution with constant scalars. This vacuum preserves N = 2 supersymmetry in the AdS_5 bulk and N = 1 supersymmetry on the Minkowski 3-branes.

∗garavuso@cbpf.br

1 Introduction

The two brane Randall-Sundrum scenario provides a mechanism for solving the hierarchy problem. To see this, consider the original Randall-Sundrum model [1] in which five dimensional pure anti-de Sitter gravity is compactified on an orbifold S^1/Z_2.^1 There are two 3-branes, one at each orbifold fixed point, with nonzero tension. The 3-brane at x^5 = 0 has tension T^{(0)} and the 3-brane at x^5 = πρ has tension T^{(πρ)}. These 3-branes may support (3 + 1) dimensional field theories. The minimal action is S = S_{bulk} + S_{brane} (1.1) S_{bulk} = ∫ d^5x e ( − 1 2 M^3R − Λ ) (1.2) S_{brane} = − ∫ d^5x e^{(4)} [ T^{(0)}δ(x^5) + T^{(πρ)}δ(x^5 − πρ) ] (1.3)

where M, R, and Λ are respectively the five dimensional Planck mass scale, five dimensional Ricci scalar, and bulk cosmological constant, e ≡ det (e^{m̃}_{μ̃} ), and e = e^{(4)}e^{˙5} on a brane. A solution to the five dimensional vacuum Einstein equations R_{μ̃ν̃} − 1 2 g_{μ̃ν̃} R = −M^{−3} { g_{μ̃ν̃} Λ + g_{μ̃ν̃} δ^μ_{μ̃}δ^ν_{ν̃} e^{(4)} e [ T^{(0)}δ(x^5) + T^{(πρ)}δ(x^5 − πρ) ] } (1.4) which preserves four dimensional Poincaré invariance is given by (ds)^2 = a^2(x^5)η_{μν} dx^μdx^ν + (dx^5)^2 (1.5) where a(x^5) = e^{−k|x5|} (1.6) is the warp factor and^1_k is the AdS_5 curvature radius. This solution is valid provided T^{(0)}, T^{(πρ)}, and Λ are related by

T^{(0)} = −T^{(πρ)} = − Λ k = 6M^3k. (1.7)

1The D = 5 spacetime manifold has coordinates x^{μ̃} = (x^μ, x^5), fünfbein e^{m̃}_{μ̃} , and metric g_{μ̃ν̃} = e^{m̃}_{μ̃} e^ñ_{ν̃} η_{m̃ñ}. Here η_{m̃ñ} = diag(−1, 1, 1, 1, 1)_{m̃ñ}, m̃, ñ, p̃, . . . = ˙0, ˙1, ˙2, ˙3, ˙5, and μ̃, ν̃, ρ̃, . . . = 0, 1, 2, 3, 5. S^1/Z_2 is tangent to x^5 with Z_2 acting as x^5 → −x^5. In the upstairs picture the orbifold is a circle S^1 of radius ρ with −πρ ≤ x^5 ≤ πρ. Thus, there exist two hyperplanes (3-branes), one at x^5 = 0 and the other at x^5 = πρ, which are fixed under the Z_2 action. In the downstairs picture the orbifold is an interval 0 ≤ x^5 ≤ πρ with the 3-branes forming boundaries to the spacetime manifold.

The exponential warp factor can generate a large hierarchy of scales. The four dimensional reduced Planck scale M_P can be expressed in terms of M as follows M^2_P = M^3 ∫_{πρ} −πρ dx^5 a^2(x^5) =

M^3 k ( 1 − e^{−2πkρ} ) . (1.8)

The effective mass scales on the 3-branes at x^5 = 0 and x^5 = πρ are respectively M_P and M_P e^{−πkρ}. If the Standard Model fields live on the 3-brane at x^5 = πρ, then M_P e^{−πkρ} may be associated with the electroweak scale.

Locally supersymmetric two brane Randall-Sundrum models can be constructed from D = 5, N = 2 gauged supergravity [2] theories. The first such models [3, 4, 5] were constructed from D = 5, N = 2 gauged pure supergravity [6] theories. Subsequent examples include a model [7] constructed from a D = 5, N = 2 gauged Maxwell/Einstein supergravity [8, 9] theory and models [10] constructed from various D = 5, N = 2 gauged supergravity theories with hypermultiplets.

In this paper, a new locally supersymmetric two brane Randall-Sundrum model is constructed. The construction starts from a D = 5, N = 2 gauged Yang-Mills/Einstein/tensor supergravity [11, 12, 13] theory with scalar manifold M = SO(1, 1) × SO(2, 1)/SO(2) and U(1)_R × SO(2) gauge group [12]. Next, the U(1)_R gauge coupling g_R is replaced by g_R sgn(x^5) and the fifth dimension is compactified on S^1/Z_2.^2 The modification of g_R allows a Z_2 invariant bulk theory to be constructed. However, due to the presence of the signum function, the supersymmetry variation of the bulk action vanishes everywhere except at the Z_2 fixed points. The variation of the brane action cancels that of the bulk when the relations (1.7) are satisfied. In these circumstances, the vacuum solution is given by (1.5) with warp factor (1.6). This vacuum solution preserves N = 2 supersymmetry in the bulk and N = 1 supersymmetry on the branes.

This paper is organized as follows: The ‘starting point’ D = 5, N = 2 gauged Yang-Mills/Einstein/tensor supergravity theory with gauge group U(1)_R × SO(2) is summarized in Section 2. In Section 3, a locally supersymmetric two brane Randall-Sundrum model is constructed from the starting point theory. The results are discussed in Section 4.

2The signum function sgn(x^5) is +1 for 0 < x^5 < πρ and −1 for −πρ < x^5 < 0. It obeys ∂_5 sgn(x^5) = 2[δ(x^5) − δ(x^5 − πρ)].

2 Starting point theory

This section summarizes the D = 5, N = 2 gauged Yang-Mills/Einstein/tensor supergravity [11, 12, 13] theory with U(1)_R × SO(2) gauge group [12] which is taken as the starting point of the construction in Section 3. The theory describes D = 5, N = 2 pure supergravity [14] coupled to one vector multiplet and one self-dual tensor multiplet, with gauging of:

(1) A U(1)_R subgroup of the R-symmetry group SU(2)_R.

(2) An SO(2) subgroup of the isometry group G = SO(2, 1) × SO(1, 1) of the scalar field target manifold M = SO(1, 1) × SO(2, 1)/SO(2).^3

The fields of the pure supergravity multiplet are the fünfbein e^{m̃}_{μ̃} , an SU(2)_R doublet of symplectic Majorana gravitini Ψ^i_{μ̃}, and the graviphoton vector field A^0_{μ̃}.^4 The vector multiplet contains a vector field A^1_{μ̃}, an SU(2)_R doublet of symplectic Majorana spin-1/2 fermions λ^{i1}, and a real scalar field ϕ^1. Finally, the self-dual tensor multiplet contains a self-dual antisymmetric tensor field with real and imaginary parts B^2_{μ̃ν̃} and B^3_{μ̃ν̃} , respectively, two SU(2)_R doublets of symplectic Majorana spin-1/2 fermions λ^{i2} and λ^{i3}, and two real scalar fields ϕ^2 and ϕ^3. Thus, the total field content is

{e^{m̃}_{μ̃} , Ψ^i_{μ̃}, A^I_{μ̃}, B^M_{μ̃ν̃} , λ^{iã}, ϕ^{x̃}} (2.1)

where I, J, K, . . . = 0, 1, M, N, P, . . . = 2, 3, ã, b̃, c̃, . . . = 1, 2, 3, x̃, ỹ, z̃, . . . = 1, 2, 3. It is convenient for notational purposes to define Ĩ ≡ (I, M).

The dreibein, metric, and SO(3) spin connection on the manifold M are denoted by f^ã_{x̃} , g_{x̃ỹ} , and Ω^{ãb̃}_{x̃} , respectively. This manifold is embedded [15] in a four dimensional ambient space with coordinates ξ^Ĩ (ϕ^{x̃}, N), cubic norm

3 The generic Jordan family of D = 5, N = 2 gauged Yang-Mills/Einstein/tensor supergravity theories is characterized by scalar manifolds of the form M = SO(1, 1) × SO(n + 2m − 1, 1)/SO(n + 2m − 1), where n and m are respectively the number of vector and self-dual tensor multiplets [12].

4The SU (2)_R indices i, j, k, . . . = 1, 2 are raised and lowered according to X^i = ϵ^{ij}X_j , X_i = X^j ϵ_{ji} with ϵ^{ij} and ϵ_{ij} antisymmetric and ϵ^{12} = ϵ_{12} = 1.

N(ξ) = (_2 3 ) 3_2

C~_I~_J~_K ξ^Ĩ ξ^{J̃} ξ^{K̃} , and metric a~_I~_J = −^1_2 ∂~_I~_J ln N(ξ). M corresponds to the N(ξ) = 1 hypersurface

C~_I~_J~_K h^Ĩ h^{J̃} h^{K̃} = 1 with h^Ĩ ≡

√_2 3 ξ^Ĩ |_{N =1}. (2.2)

A basis [12] can be chosen in which the nonvanishing C~_I~_J~_K are

C_0~_I~_I = C~_{I0}~_I = C~_I~_{I0} with C_{011} = −C_{022} = −C_{033} = √ 3 2 . (2.3)

In this basis, the constraint N(ξ) = 1 is solved by

h^0 = 1 √ 3‖ϕ‖^2 , h^1 = √ 2 3 ϕ^1, h^2 = √ 2 3 ϕ^2, h^3 = √ 2 3 ϕ^3

with ‖ϕ‖^2 ≡ (ϕ^1)^2 − (ϕ^2)^2 − (ϕ^3)^2. (2.4)

Lowering the index of h^Ĩ with^∘a~_I~_J ≡ a~_I~_J |_{N =1} yields h~_I ≡^{1√}_6 ∂~_I N(ξ)|_{N =1}.

The fermions Ψ^i_{μ̃} and λ^{iã} are U(1)_R charged, whereas the fields ϕ^{x̃}, λ^{iã}, and B^M_{μ̃ν̃} carry charge under SO(2). Denoting the U(1)_R and SO(2) couplings by g_R and g, respectively, the U(1)_R × SO(2) gauge covariant derivatives of these fields are

D_{μ̃}Ψ^i_{ν̃} ≡ ∇_{μ̃}Ψ^i_{ν̃} + g_RA^I_{μ̃}P^i_{Ij} Ψ^j_{ν̃} (2.5) D_{μ̃}λ^{iã} ≡ ∇_{μ̃}λ^{iã} + g_RA^I_{μ̃}P^i_{Ij} λ^{jã} + gA^I_{μ̃}L^ã_{Ib̃}λ^{ib̃} (2.6) D_{μ̃}ϕ^{x̃} ≡ ∂_{μ̃}ϕ^{x̃} + gA^I_{μ̃}K^{x̃}_I (2.7) D_{μ̃}B^M_{ν̃ρ̃} ≡ ∇_{μ̃}B^M_{ν̃ρ̃} + gA^I_{μ̃}Λ^M_{IN} B^N_{ν̃ρ̃}. (2.8)

Here, ∇_{μ̃} is the spacetime covariant derivative. K^{x̃}_I are the Killing vectors on M that generate SO(2). L^ã_{Ib̃} ≡ ∂~_bK^ã_I and Λ^M_{IN} =^{2√}_6 Ω^{M P} C_{IP N} are the SO(2) transformation matrices of λ^{iã} and B^M_{ν̃ρ̃} , respectively.^5 The SU(2)_R valued prepotentials P^i_{Ij} are chosen along the σ_3 direction,^6 i.e.

P^i_{Ij} = V_I Q^i_j with Q^i_j ≡ i(σ_3)^i_j . (2.9)

5Ω_{MN} Ω^{NP} = δ^P_M , Ω_{MN} = −Ω_{NM} , and Ω^{23} = −Ω^{32} = −1.

6Note that in [12], the σ_2 direction is chosen. Gaugings of different U (1)_R subgroups of SU (2)_R can be rotated into each other and hence are physically equivalent.

The V_I are real constants that define the linear combination of the vector fields A^I_{μ̃} that is used as the U(1)_R gauge field A_{μ̃} [U(1)_R] = V_I A^I_{μ̃}. (2.10) The Abelian field strengths F^I_{μ̃ν̃} = ∂_{μ̃}A^I_{ν̃} − ∂_{ν̃} A^I_{μ̃} and the B^M_{μ̃ν̃} are combined to form H^Ĩ_{μ̃ν̃} ≡ ( F^I_{μ̃ν̃} , B^M_{μ̃ν̃} ) . The Lagrangian is (up to 4-fermion terms) [11] e^{−1}L = − 1 2 R − 1 2 Ψ̄^i_{μ̃}Γ^{μ̃ν̃ρ̃}D_{ν̃} Ψ_{ρ̃i} − 1 4 ∘ a_{ĨJ̃} H^Ĩ_{μ̃ν̃} H^{J̃ μ̃ν̃} − 1 2 λ̄^i_ã ( Γ^{μ̃}D_{μ̃}δ^{ãb̃} + Ω^{ãb̃}_{x̃} Γ^{μ̃}D_{μ̃}ϕ^{x̃} ) λ_i~_b − 1 2 g_{x̃ỹ} (D_{μ̃}ϕ^{x̃})(D^{μ̃}ϕ^ỹ) − i 2 λ̄^i_ãΓ^{μ̃}Γ^{ν̃} Ψ_{μ̃i}f^ã_{x̃} D_{ν̃} ϕ^{x̃} + 1 4 h^ã_Ĩ λ̄^i_ãΓ^{μ̃}Γ^{λ̃ρ̃}Ψ_{μ̃i}H^Ĩ_{λ̃ρ̃} + i 2 √ 6 ( 1 4 δ_ã~_bh~_I + T_ã~_{bc̃}h^{c̃}_Ĩ ) λ̄^{iã}Γ^{μ̃ν̃} λ^{b̃}_i H^Ĩ_{μ̃ν̃} − 3i 8 √ 6 h~_I ( Ψ̄^i_{μ̃}Γ^{μ̃ν̃ρ̃σ̃} Ψ_{ν̃i}H^Ĩ_{ρ̃σ̃} + 2Ψ̄^{μ̃i}Ψ̄^{ν̃}_i H^Ĩ_{μ̃ν̃} )

+ e^{−1} 6 √ 6 C_{IJK} ϵ^{μ̃ν̃ρ̃σ̃λ̃}F^I_{μ̃ν̃} F^J_{ρ̃σ̃}A^K_{λ̃} + e^{−1} 4g ϵ^{μ̃ν̃ρ̃σ̃λ̃}Ω_{M N} B^M_{μ̃ν̃} D_{ρ̃}B^N_{σ̃λ̃}

+ gλ̄^i_ãΓ^{μ̃}Ψ_{μ̃i}W^ã + gλ̄^i_ãλ_i~_bW^{ãb̃} + i √ 6 4 g_RΨ̄^i_{μ̃}Γ^{μ̃ν̃} Ψ^j_{ν̃} P_{ij} + g_Rλ̄^{iã}Γ^{μ̃}Ψ^j_{μ̃}P_{ãij} − i 2 √ 6 g_Rλ̄^{iã}λ^{jb̃}P_ã~_{bij} − g^2P − g^2_RP^{(R)} (2.11) and the transformation laws are (to leading order in fermion fields)

δe^{m̃}_{μ̃} = 1 2 ε̄^iΓ^{m̃}Ψ_{μ̃i} (2.12)

δΨ_{μ̃i} = D_{μ̃}ε_i + i 4 √ 6 h~_I (Γ_{μ̃}^{ν̃ρ̃} − 4δ^{ν̃}_{μ̃}Γ^{ρ̃})H^Ĩ_{ν̃ρ̃}ε_i + i √ 6 g_RΓ_{μ̃}P_{ij} ε^j (2.13)

δA^I_{μ̃} = ϑ^I_{μ̃} (2.14)

δB^M_{μ̃ν̃} = 2D_{[μ̃}ϑ^M_{ν̃]} + √ 6g 4 Ω^{M N} h_N Ψ̄^i_{[μ̃}Γ_{ν̃]}ε_i + ig 4 Ω^{M N} h_{N ã}λ̄^{iã}Γ_{μ̃ν̃} ε_i (2.15) δλ^ã_i = − i 2 f^ã_{x̃} Γ^{μ̃}(D_{μ̃}ϕ^{x̃})ε_i + 1 4 h^ã_Ĩ Γ^{μ̃ν̃} ε_iH^Ĩ_{μ̃ν̃} + gW^ãε_i + g_RP^ã_{ij} ε^j (2.16)

δϕ^{x̃} = i 2 f^{x̃}_ã ε̄^iλ^ã_i (2.17) with ϑ^Ĩ_{μ̃} ≡ − 1 2 h^Ĩ_ãε̄^iΓ_{μ̃}λ^ã_i + i √ 6 4 h^ĨΨ̄^i_{μ̃}ε_i. (2.18)

The scalar field dependent quantities h~_I , h^Ĩ , h^ã_Ĩ , h^Ĩ_ã, T_ã~_{bc̃}, and^∘a~_I~_J are subject to the following constraints imposed by supersymmetry [15]:

C~_I~_J~_K = 5 2 h~_I h~_J h~_K − 3 2 ∘ a_{(ĨJ̃} h_{K̃)} + T_{x̃ỹz̃} h^{x̃}_Ĩ h^ỹ_{J̃} h^{z̃}_{K̃} ,

h^Ĩ h~_I = 1, h^Ĩ_{x̃}h~_I = h~_{Ix̃}h^Ĩ = 0, h^Ĩ_{x̃}h^{J̃}_ỹ^∘a~_I~_J = g_{x̃ỹ}, ∘ a_{ĨJ̃} = h_Ĩ h_{J̃} + h^{x̃}_Ĩ h^ỹ_{J̃} g_{x̃ỹ} , h~_{I,x̃} = √_2

3 h~_{Ix̃}, h^Ĩ_{,x̃} = −

√_2 3 h^Ĩ_{x̃},

h~_{Ix̃;ỹ} =

√_2 3 ( g_{x̃ỹ}h~_I + T_{x̃ỹz̃} h^{z̃}_Ĩ ) , h^Ĩ_{x̃;ỹ} = −

√_2 3 ( g_{x̃ỹ}h^Ĩ + T_{x̃ỹz̃}h^{Ĩz̃} ) . The presence of the tensor fields introduces the terms proportional to

W^ã = − √ 6 8 h^ã_M Ω^{M N} h_N (2.19)

W^{ãb̃} = ih^{J[ã}K^{b̃]}_J + i √ 6 4 h^J K^{[ã;b̃]}_J (2.20)

and leads to the scalar potential contribution g^2P = 2W_ãW^ã. (2.21) The gauging of U(1)_R introduces the terms proportional to P_{ij} ≡ h^I P_{Iij} = h^I V_I Q_{ij} (2.22) P_{ãij} ≡ h^I_ãP_{Iij} = h^I_ãV_I Q_{ij} (2.23) P_ã~_{bij} ≡ δ_ã~_bP_{ij} + 4T_ã~_{bc̃}P^{c̃}_{ij} (2.24) and leads to the scalar potential contribution

g^2_RP^{(R)} = g^2_R ( −2P_{ij} P^{ij} + P_{ãij} P^{ãij} ) (2.25) = g^2_R(−6W^2 + 9 2 W_{,ã}W^{,ã}) where W ≡

√_2 3 h^I V_I . (2.26)

The total scalar potential is V = g^2P + g^2_RP^{(R)}. (2.27)

3 Construction of model

In this section, a locally supersymmetric two brane Randall-Sundrum model is constructed.^7 The starting point is the D = 5, N = 2 gauged Yang- Mills/Einstein supergravity theory with gauge group U(1)_R × SO(2) which is summarized in Section 2. Next, the U(1)_R gauge coupling g_R is replaced by g_R sgn(x^5) and the fifth dimension is compactified on S^1/Z_2.^8 The modification of g_R allows a Z_2 invariant bulk theory to be constructed. In this framework, the Z_2 symmetry does not commute with the SU(2)_R R-symmetry and gauging different U(1)_R results in physically different theories.

The Z_2 action on each field is defined by boundary conditions at the Z_2 fixed points. These boundary conditions must be chosen such that the Lagrangian is Z_2 invariant. A consistent set of boundary conditions is obtained as follows. Under reflections x^5 → −x^5 about the Z_2 fixed point x^5 = 0, choose the bosonic fields

Φ = e^m_μ , e^{˙5}, A^I_5, B^M_{μ5}, ϕ^{x̃}

Θ = e^{˙5}_μ, e^m_5 , A^I_μ, B^M_{μν}

to satisfy

Φ(x^μ, x^5) = +Φ(x^μ, −x^5) (3.1) Θ(x^μ, x^5) = −Θ(x^μ, −x^5) (3.2)

and choose the fermionic fields to satisfy

Γ^{˙5} Ψ^i_μ(x^μ, x^5) = +iQ^i_j Ψ^j_μ(x^μ, −x^5) (3.3)

Γ^{˙5} Ψ^i_5(x^μ, x^5) = −iQ^i_j Ψ^j_5(x^μ, −x^5) (3.4)

Γ^{˙5} λ^{iã}(x^μ, x^5) = −iQ^i_j λ^{jã}(x^μ, −x^5) (3.5)

Γ^{˙5} ε^i(x^μ, x^5) = +iQ^i_j ε^j (x^μ, −x^5) (3.6)

7A chiral basis is chosen for the Dirac matrices

Γ^{m̃} = ( Γ^m, Γ^{˙5} ) = ([ 0 −iσ^m −iσ̄^m 0 ] , [ −1 0 0 1 ])

where σ^m = (1, ⃗σ) and σ̄^m = (1, −⃗σ).

8Note that the scalar potential V = g^2P + g^2_RP^{(R)} is unchanged by g_R → g_R sgn(x^5) because sgn^2(x^5) = 1.

where Q^i_j is given by (2.9). Under reflections x^5 → −x^5 about the Z_2 fixed point x^5 = πρ, choose the bosonic fields to satisfy Φ(x^μ, πρ + x^5) = +Φ(x^μ, πρ − x^5) (3.7) Θ(x^μ, πρ + x^5) = −Θ(x^μ, πρ − x^5) (3.8) and choose the fermionic fields to satisfy Γ^{˙5} Ψ^i_μ(x^μ, πρ + x^5) = +iQ^i_j Ψ^j_μ(x^μ, πρ − x^5) (3.9) Γ^{˙5} Ψ^i_5(x^μ, πρ + x^5) = −iQ^i_j Ψ^j_5(x^μ, πρ − x^5) (3.10) Γ^{˙5} λ^{iã}(x^μ, πρ + x^5) = −iQ^i_j λ^{jã}(x^μ, πρ − x^5) (3.11) Γ^{˙5} ε^i(x^μ, πρ + x^5) = +iQ^i_j ε^j (x^μ, πρ − x^5). (3.12) The bulk theory is now Z_2 invariant. However, due to the presence of the signum function, the supersymmetry variation of the bulk Lagrangian vanishes everywhere except at the Z_2 fixed points: δL_{bulk} = δ^{(Ψ)}L_{bulk} + δ^{(λ)}L_{bulk} (3.13) δ^{(Ψ)}L_{bulk} = −6g_RWe^{(4)} 1 2 Ψ̄^i_μΓ^μΓ^{˙5}(iQ_{ij} )ε^j [δ(x^5) − δ(x^5 − πρ)] (3.14) δ^{(λ)}L_{bulk} = −6ig_RW_{,x̃}e^{(4)} 1 2 λ̄^{ix̃}Γ^{˙5}(iQ_{ij})ε^j [δ(x^5) − δ(x^5 − πρ)] . (3.15) It follows from the boundary conditions (3.6) and (3.12) that Γ^{˙5}(iQ_{ij})ε^j (x^μ, 0) = ε_i(x^μ, 0) (3.16) Γ^{˙5}(iQ_{ij})ε^j (x^μ, πρ) = ε_i(x^μ, πρ). (3.17) Thus,

δ^{(Ψ)}L_{bulk} = −6g_RWe^{(4)} 1 2 Ψ̄^i_μΓ^με_i [δ(x^5) − δ(x^5 − πρ)] (3.18) δ^{(λ)}L_{bulk} = −6ig_RW_{,x̃}e^{(4)} 1 2 λ̄^{ix̃}ε_i [δ(x^5) − δ(x^5 − πρ)] . (3.19) The bulk variation (3.13) can be cancelled by the variation of L_{brane} = −e^{(4)} [ T^{(0)}δ(x^5) + T^{(πρ)}δ(x^5 − πρ) ] with T^{(0)} = −T^{(πρ)} = 6g_RW. (3.20)

For supersymmetry to hold, the Killing spinor equations must be satisfied. As demonstrated below, these equations admit the vacuum solution

(ds)^2 = a^2(x^5)η_{μν} dx^μdx^ν + (dx^5)^2 with a(x^5) = e^{−k|x5|} (3.21)

at a critical point ϕ_{crit} of the scalar potential in which g_RW_{crit} = √ −Λ 6 ≡ k. (3.22)

The scalar potential has such a critical point given by ( ϕ^1_{crit} )_3 = √ 2 V_0 V_1

, ϕ^2_{crit} = ϕ^3_{crit} = 0 (3.23)

whenever V_0V_1 > 0 [12]. The associated cosmological constant is Λ ≡ ⟨V⟩ = −6g^2_R ( ϕ^1_{crit} )_2

(V_1)^2 . (3.24)

Taking (3.21) as an Ansatz, the Killing spinor equations are^9

0 = ⟨δΨ_{μi}⟩ = ∂_με_i + 1 2 ( a^′ a ) Γ_μΓ ˙_5ε_i − 1 2 [ −g_R sgn(x^5)W_{crit} ] Γ_μ (iQ_{ij} ) ε^j

0 = ⟨δΨ_{5i}⟩ = ε^′_i − 1 2 [ −g_R sgn(x^5)W_{crit} ] Γ_5 (iQ_{ij} ) ε^j

0 = ⟨δλ^{x̃}_i ⟩ = − i 2 Γ^5ϕ^{x̃′}_{crit}ε_i + gW^{x̃}_{crit} ε_i + i 2 [ 3g_R sgn(x^5)W^{,x̃}_{crit} ] (iQ_{ij}) ε^j . To solve these equations, split ε_i into Z_2 even (ε^+_i ) and Z_2 odd (ε^−_i ) parts:

ε_i = ε^+_i + ε^−_i (3.25)

ε^±_i = 1 2 [ ε_i ± Γ ˙_5 (iQ_{ij} ) ε^j ] = ±Γ ˙_5 (iQ_{ij} ) ε^{±j} . (3.26)

Writing ⟨δΨ_{5i}⟩ = 0 in terms of ε^±_i and using a^′/a = −g_R sgn(x^5)W_{crit} yields

ε^{+′}_i + ε^{−′}_i − 1 2 ( a^′ a ) ( ε^+_i − ε^−_i ) = 0. (3.27)

9The only nonvanishing components of the spin connection ω^{m̃ñ}_{μ̃} are ω^{m ˙5}_μ = −ω^{˙5m}_μ = a^′δ^m_μ , where^′ denotes partial differentiation with respect to x^5. Thus, ∇_με_i ≡ ( ∂_μ +^1_4 ω^{m̃ñ}_μ Γ_{m̃ñ} ) ε_i = [ ∂_μ +^1_2 (_{a′} a ) Γ_μΓ_{˙5} ] ε_i and ∇_5ε_i = ε^′_i.

This determines the x^5 dependence of ε^±_i to be

ε^±_i = a^{± 12} ε^±_i (x^μ). (3.28)

Writing ⟨δΨ_{μi}⟩ = 0 in terms of ε^±_i and using a^′/a = −g_R sgn(x^5)W_{crit} yields

∂_με^+_i + ∂_με^−_i + ( a^′ a ) Γ_μΓ ˙_5ε^−_i = 0. (3.29)

This determines that

ε^+_i (x^μ) = ε^{+(0)}_i , ε^−_i (x^μ) = ( 1 − a^′ a x^μΓ_μΓ ˙_5 ) ε^{−(0)}_i (3.30)

where ε^{±(0)}_i are constant (projected) spinors. The Killing spinors are thus

ε_i = a^{12} ε^{+(0)}_i + a^{− 12} ( 1 − a^′ a x^μΓ_μΓ ˙_5 ) ε^{−(0)}_i . (3.31)

This solution corresponds to N = 2 supersymmetry in the bulk. On the 3-branes (where the Z_2 odd fields vanish) there is N = 1 supersymmetry. No constraints on the Killing spinors arise from ⟨δλ^{x̃}_i ⟩ = 0.

4 Discussion

The model of Section 3 is one example of the locally supersymmetric two brane Randall-Sundrum scenarios which can be constructed from D = 5, N = 2 gauged Yang-Mills/Einstein supergravity. Here, the construction starts from a D = 5, N = 2 gauged Yang-Mills/Einstein supergravity theory with scalar manifold M = SO(1, 1) × SO(2, 1)/SO(2) and gauge group U(1)_R × SO(2). Next, the U(1)_R gauge coupling g_R is replaced by g_R sgn(x^5) and the fifth dimension is compactified on S^1/Z_2. The conditions of local supersymmetry for the bulk plus brane system admit the vacuum solution (3.21) and yield the relations T^{(0)} = −T^{(πρ)} = −Λ/k = 6k. This vacuum preserves N = 2 supersymmetry in the AdS_5 bulk and N = 1 supersymmetry on the Minkowski 3-branes. It would be interesting to generalize this construction to the case in which the scalar manifold has the form described in Footnote 3. This is left to future work.

Acknowledgements

I would like to thank Alon Faraggi, Zygmunt Lalak, and Francesco Toppan for discussions. I would also like to thank the Rudolf Peierls Centre for Theoretical Physics at the University of Oxford for hospitality during the initial stages of this project. This work is supported by FAPERJ.

References

[1] L. Randall and R. Sundrum, ‘A large mass hierarchy from a small extra dimension’, Phys. Rev. Lett. 83 (1999) 3370 [hep-ph/9905221].

[2] A. Ceresole and G. Dall’Agata, ‘General matter coupled N = 2, D = 5 gauged supergravity’, Nucl. Phys. B585 (2000) 143 [hep-th/0004111].

[3] R. Altendorfer, J. Bagger and D. Nemeschansky, ‘Supersymmetric Randall-Sundrum Scenario’, Phys. Rev. D63 (2001) 125025 [hep-th/0003117].

[4] T. Ghergetta and A. Pomarol, ‘Bulk fields and supersymmetry in a slice of AdS’, Nucl. Phys. B586 (2000) 141 [hep-th/0003129].

[5] A. Falkowski, Z. Lalak and S. Pokorski, ‘Supersymmetrizing branes with bulk in five-dimensional supergravity’, Phys. Lett. B491 (2000) 172 [hep-th/0004093].

[6] R. D’Auria, E. Maina, T. Regge and P. Fre, ‘Geometrical first order supergravity in five space time dimensions’ Ann. Phys. 135 (1981) 237.

[7] E. Bergshoeff, R. Kallosh and A. Van Proeyen, ‘Supersymmetry in singular spaces’, JHEP 0010 (2000) 033 [hep-th/0007044].

[8] M. Günaydin, G. Sierra and P.K. Townsend, ‘Gauging the d = 5 Maxwell/Einstein supergravity theories: More on Jordan algebras’, Nucl. Phys. B253 (1985) 573.

[9] M. Günaydin, G. Sierra and P.K. Townsend, ‘Vanishing potentials in gauged N = 2 supergravity: An application of Jordan algebras’, Phys. Lett. B144 (1984) 41.

[10] A. Falkowski, Z. Lalak and S. Pokorski, ‘Five dimensional gauged supergravities with universal hypermultiplets and warped brane worlds’ Phys. Lett. B509 (2001) 337 [hep-th/0009167].

[11] M. Günaydin and M. Zagermann, ‘The gauging of five-dimensional, N = 2 Maxwell-Einstein supergravity theories coupled to tensor multiplets’, Nucl. Phys. B572 (2000) 131 [hep-th/9912027].

[12] M. Günaydin and M. Zagermann, ‘The vacua of 5d, N = 2 gauged Yang- Mills/Einstein/tensor supergravity: Abelian case’, Phys. Rev. D62 (2000) 044028 [hep-th/0002228].

[13] M. Günaydin and M. Zagermann, ‘Gauging the full R-symmetry group in five-dimensional, N = 2 Yang-Mills-Einstein-tensor supergravity’, Phys. Rev. D63 (2001) 064023 [hep-th/0004117].

[14] E. Cremmer, in ‘Superspace and Supergravity’, eds. S. Hawking and M.

Rocek, Cambridge University Press, 1980;

A.H. Chamseddine and H. Nicolai, Phys. Lett. B96 (1980) 89.

[15] M. Günaydin, G. Sierra and P.K. Townsend, ‘The Geometry of N = 2 Maxwell/Einstein supergravity and Jordan algebras’, Nucl. Phys. B242 (1984) 244; ‘Exceptional supergravity theories and the magic square’, Phys. Lett. B133 (1983) 72.