arXiv:hep-th/0506035 v2 7 Nov 2005

On braneworld cosmologies from six dimensions, and absence thereof

Georgios Kofinas^∗ Departament de Física Fonamental, Universitat de Barcelona, Diagonal 647, 08028 Barcelona, Spain (Dated: November 7, 2005)

We consider (thin) braneworlds with conical singularities in six-dimensional Einstein-Gauss- Bonnet gravity with a bulk cosmological constant. The Gauss-Bonnet term is necessary in six dimensions for including non-trivial brane matter. We show that this model for axially symmetric bulks does not possess isotropic braneworld cosmological solutions.

Much work on braneworlds in six-dimensional spacetimes has been done, especially during the last two years. In classical six-dimensional gravity [1] or supergravity [2] theories a codimension-two object induces a conical singularity [3], and a cancelation occurring between the brane tension and the bulk gravitational degrees of freedom gives rise to a vanishing effective cosmological constant. Couplings of six-dimensional gravity to sigma models have been discussed in [4]. Other works have focused on static/time-dependent solutions and issues of stability [5]. It is known that six-dimensional Einstein gravity cannot support a (thin gravitating) braneworld with a non-trivial matter content different than a brane tension [6]. Proposals for generalizing the brane equation of state, or deriving cosmologies have been made [7]. The situation can be improved if a Gauss-Bonnet term is added to the bulk action, in which case the generic matching conditions of a 3-brane with conical singularities were derived in [8] (see also [9, 10, 11]). The conservation equation of the braneworld was derived in [12]. In the present paper we consider the isotropic braneworld cosmology of this theory for axially symmetric bulks around the defect, and with a bulk cosmological constant. We show that the model is incompatible with such braneworld configurations.

We consider the total gravitational brane-bulk action S_{gr} = 1 2κ^2_6 ∫ d^6x √ −|g| { R − 2Λ_6 + α ( R^2 − 4R_{AB} R^{AB} + R_{ABCD} R^{ABCD} )} + r^2_c 2κ^2_6 ∫ d^4x √ −|g| (R − 2Λ_4), (1)

where calligraphic quantities refer to the bulk metric tensor g, while the regular ones to the brane metric tensor g. The Gauss-Bonnet coupling α has dimensions (length)^2 and is defined as α = 1 8g^2_s

, (2)

with g_s the string energy scale, while from the inducedgravity crossover lenght scale r_c we can define

r_c = κ_6 κ_4 = M_4 M^2_6

. (3)

∗gkofin@phys.uoa.gr; kofinas@ffn.ub.es

Here, M_6 is the fundamental six-dimensional Planck mass M^{−4}_6 = κ^2_6 = 8πG_6, while M_4 is given by M^{−2}_4 = κ^2_4 = 8πG_4. The brane tension is λ = Λ_4 κ^2_4

. (4)

The field equations arising from the action (1) are G_{AB} − α 2 (R^2 − 4R_{CD}R^{CD} + R_{CDEF} R^{CDEF} )g_{AB} + 2α ×(RR_{AB} −2R_{AC} R^C_B −2R_{ACBD} R^{CD}+R_{ACDE} R^{CDE}_B ) = κ^2_6T_{AB} − Λ_6g_{AB} + κ^2_6^{(loc)}T_{AB} δ^{(2)}, (5)

where T_{AB} is a regular bulk energy-momentum tensor, T_{AB} is the brane energy-momentum tensor,^{(loc)}T_{AB} = T_{AB} − λg_{AB} − (r^2_c /κ^2_6)G_{AB} , and δ^{(2)} is the twodimensional delta function. Capital indices A, B, ... are six-dimensional. Assuming that the bulk metric in the brane-adapted coordinate system takes the axially symmetric form

ds^2_6 = dr^2 + L^2(x, r)dφ^2 + g_{μν} (x, r)dx^μdx^ν, (6)

with g_{μν}(x, 0) being the braneworld metric and φ having the standard periodicity 2π, under the usual assumptions for conical singularities L(x, r) = β(x)r+O(r^2) for r ≈ 0, ∂_rL(x, 0) = 1, ∂_rg_{μν} (x, 0) = 0, the general matching conditions for imbedding the 3-brane in the six-dimensional theory (1) were found in [8] (see also [9]) as follows K^{αλ}_λK_{αμν} −K^{αλ}_μK_{ανλ}+ 1 2 (K^{αλσ}K_{αλσ} −K^{αλ}_λK^σ_{α σ})g_{μν} + ( β^{−1}−1+ r^2_c 8παβ ) G_{μν} + κ^2_6λ−2π(1−β) 8παβ g_{μν} = κ^2_6 8παβ T_{μν} . (7) Here, K_{αμν} = g(∇_μn_α, ∂_ν) = n_{αμ;ν} (at r = 0^+) denote the extrinsic curvatures of the brane (symmetric in μ, ν), where n_α (α = 1, 2) are arbitrary unit normals to the brane (indices α, β, ... are lowered/raised with the matrix g_{αβ} = g(n_α, n_β) and its inverse g^{αβ}), while ∇ (also denoted by ;) refers to the Christoffel connection of g. For extracting this singular part of equations (5), one has to focus on the worst behaving pieces with the structure δ(r)/L ∼ δ(r)/r. Note that with respect to local rotations n_α → O^β_α (x^A) n_β, K_{αμν} → O^β_α K_{βμν} transforming as a vector, thus Eq.(7) is invariant under changes of the normal frame.

Focusing on the O(1/r) terms in the rμ components of equations (5) (which cannot be canceled by any regular T_{AB} in (5)) we obtain the equation R^{ασ}_{νσ}K^λ_{α λ} −R^{ασ}_{λσ}K^λ_{α ν} −R^{αλ}_{νσ}K^σ_{α λ} = β_{,μ} β [ G^μ_ν − 1 4α δ^μ_ν +K^{ασ}_ν K^μ_{α σ} −K^{ασ}_σK^μ_{α ν} + 1 2 (K^{ασ}_σK^λ_{α λ} −K^{ασλ}K_{ασλ})δ^μ_ν ] . (8) In [12] it was shown that equation (8) is equivalent to the standard conservation equation on the brane

T^μ_{ν|μ} = 0, (9)

where | refers to the Christoffel connection γ_{μνλ} = g(∇_λ∂_ν , ∂_μ) of the induced brane metric g_{μν}. Thus, we do not consider equation (8) further, but only equation (9).

From the O(1/r) part of the rr component of equations (5) we obtain the following equation, valid at the position of the brane g^{μν} g^′_{μν} [ 4R−(g^{κλ}g^′_{κλ})^2 −3g^{κλ ′} g^′_{κλ} +2α^{−1}]−8R^{μν} g^′_{μν} −2g^′_{μν} g^{μκ ′}g^{νλ ′}g_{κλ} = 0, (10) where a prime denotes differentiation with respect to r. Note that in the coordinates (6) it is K_{rμν} = g^′_{μν} /2, K_{φμν} = 0. We will transform equation (10) to an equivalent and simpler form. To do so, we contract the matching conditions (7) with g^{μν ′} and replace from this equation the last term of equation (10). Making also use of the trace of equations (7), equation (10) gets the form

(σ_1G^{μν} +σ_2g^{μν} +σ_3T^{μν} )g^′_{μν} = 0, (11)

where

σ_1 = 1+ r^2_c 8πα , σ_2 = κ^2_6λ−2π 8πα , σ_3 = − κ^2_6 8πα . (12)

This equation is linear and homogeneous in the components of the extrinsic curvature, does not contain the deficit angle β, and will facilitate our analysis.

The only nontrivial remaining components of equations (5) with a O(1/r) part are the μν ones, which give the equation 4 β_{,κ} β g^{κλ}[R_{r(μ|λ|ν)}−R_{rστ(μ} g_{ν)λ} g^{στ}−R_{rσλτ} g^{στ}g_{μν} ] = c G_{μν} + 5 4 g^′_{μκ}g^′_{νλ}g^{κλ ′}+ ( 4R−5b−3c^2+ 2 α ) g ′_{μν} 8 +c ( 5b+c^2− 2 α ) g_{μν} 8 −2R^λ_{(μ}g^′_{ν)λ}+R^{κλ}g^′_{κλ}g_{μν}+R_{μκνλ}g^{κλ ′}− 1 2 g^′_{κσ} g^′_{λρ}g^{κλ ′}g^{σρ}g_{μν} +cg^′_{μκ}g^′_{νλ}g^{κλ}+ 1 2 [2 ^g^{′′}_{κ(μ} g^′_{ν)λ}g^{κλ} +(f̂+cf̂ )g_{μν}−c ^g^{′′}_{μν} −f̂g^′_{μν} ] + ^L′′ 2β [ 4G_{μν} −cg^′_{μν} +g^′_{μκ}g^′_{νλ}g^{κλ} + (b+c2 2 − 1 α ) g_{μν} ] , (13) where for abbreviating the expression we have defined

b = g^{μν ′} g^′_{μν} , c = g^{μν} g^′_{μν} , f= g^{μν ′} g^{′′}_{μν} , f= g^{μν} g^{′′}_{μν} , (14)

and an overhat means the regular part of the corresponding quantity.

The only equations remaining to be valid on the brane come from the regular part of the system (5).

There are two cases concerning the form of the possible braneworld solutions: (a) K_{αμν} is not identically zero, and (b) K_{αμν} = 0. In the case (a) one has to consider all the previous equations together. In the case (b) the matching condition (7) takes the form of purely 4-dimensional Einstein gravity, equation (8) implies β = constant, equations (10), (11) are identically satisfied, while equation (13) implies ^L^{′′} = 0. Considering the six-dimensional Ricci scalar, this contains singular δ(r)/r terms, and, in general, also terms of the form 1/r (multiplied by g^′_{μν} ). Thus, in the case (b) these last 1/r terms vanish, while in case (a) tidal forces appear in the vicinity of the braneworld. Our aim is to find any 4-dimensional isotropic cosmology compatible with the model or to show that no such cosmology exists. We are interested here in a bulk with a pure cosmological constant Λ_6; however, for possible use of the present formulation elsewhere we let T_{AB} non-vanishing.

We consider the bulk cosmological metric of the form (6) ds^2_6 = dr^2+L^2(t, r)dφ^2−n^2(t, r)dt^2+a^2(t, r)γ_{ij}(x)dx^idx^j, (15)

where γ_{ij} is a maximally symmetric 3-dimensional metric characterized by its spatial curvature k = −1, 0, 1. For the metric (15) the matching conditions (7) are written equivalently as

A^2 = ( 1− 1 β )( X + 1 12α ) + σ_3 3β (loc)T t t (16) AN = ( 1− 1 β )( Y + 1 12α ) + σ_3 6β (^{(loc)}T^μ_μ −2^{(loc)}T^t_t ), (17)

where A = a^′ a , N = n^′ n (18)

X = H^2 + k a^2 , Y = Ḣ n +H^2, (19)

with H = ȧ/na being the Hubble parameter of the brane and a dot denotes differentiation with respect to t. Throughout, the lapse function n is left undetermined and does not affect the analysis since it corresponds to the temporal gauge choice on the brane. The matter on the brane is taken to be a perfect fluid with energy density ρ and pressure p = wρ. Equation (11) takes the simple form N = fA, (20) where

f = 3 σ_3p+σ_2 −σ_1(X +2Y ) σ_3ρ−σ_2 +3σ_1X

. (21)

The tt component of equation (13) is A ( A^2 −X − 1 4α + 2^a^{′′} a ) + ^L′′ β ( A^2 −X − 1 12α ) = 0, (22)

while the ij components of the same equation give 4β̇ nβ [Ȧ n +H(A−N ) ] = N X +2AY −3N A^2 + N +2A 4α −2(A+N ) ^a′′ a −2A ^n′′ n + ^L′′ β [ X +2Y −A(A+2N )+ 1 4α ] .(23)

From equations (16), (17), (20), we can find the extrinsic curvature and the deficit angle

A^2 =

2(σ_3ρ−σ_2 −^{σ1}_{4α} )(Y −X)+3σ_3(ρ+p)(X +^1_{12α} ) σ_3(ρ+9p)+8σ_2 −6σ_1(X +3Y )

,(24)

β = σ_3ρ−σ_2 +3σ_1X 3(X −A^2 +^1_{12α} )

. (25)

The regular part of the rμ components of equations (5) gives on the brane ( X −A^2 + 1 4α +2H β̇ nβ ) Ȧ nA +H ( 1− N A )( X −A^2 + 1 4α )

+ [ 2H^2 ( 1− N A ) − N A ( X −A^2 + 1 12α )] β̇ nβ = nκ^2_6 T^t_r 12αA . (26)

(Note that for the case (b) equation (26) is trivially satisfied with T^t_r = 0). Similarly, the regular part of the rr component of equations (5) gives ( X−A^2 + 1 4α +2Y −2AN )Hβ̇ nβ + ( X−A^2 + 1 4α )( Y −AN + 1 4α )

+ ( X−A^2 + 1 12α )[ 1 n ( β̇ nβ ). + ( β̇ nβ )_2] = Λ_6 −κ^2_6T^r_r 12α + 1 16α^2

.(27)

The other regular parts of the system (5) (namely, equations φφ, μν) contain the quantities ^a^{′′}, ^n^{′′}. Considering, now, the bulk system (5), it is expected, due to the Bianchi-Bach-Lanczos identities, that one of these equations, say the ij one, is redundant and it is derived from the other equations of the system. Thus, both equations (23), and the ij regular part of (5) are redundant. The remaining two regular equations φφ, tt determine ^a′′, ^n′′, while equation (22) gives the value of ^L′′. Equation (26), when A, β are substituted from (24), (25) becomes an equation for Ẏ (i.e. Ḧ, or more precisely an autonomous equation for ... a ) which is the candidate cosmological equation of the model. This equation remains to be compatible with equation (27), which means that the compatibility has to be checked at the order Ÿ . For the case (b), equation (27) becomes ( X + 1 4α )( Y + 1 4α ) = Λ_6−κ^2_6T^r_r 12α + 1 16α^2

, (28)

which is seen to be inconsistent with the solution X = (β−σ_1)^{−1}(σ_3ρ−σ_2 −β/4α)/3 of the matching conditions (7).

Continuing with the general case (a), we define the variables

x = X + 1 12α , P = σ_3ρ−σ_2 +3σ_1X , ß = 1 β , (29)

and replacing Ȧ from equation (16), we write the system of equations (26), (27) equivalently as ( x− 1 12α − k a^2 )( d lnß d lna )_2 − 1 6 ( ßP −6fA^2 + 1 2α ) d lnß d lna = nκ^2_6AT^t_r 4αHßP (30) ßP ( x− 1 12α − k a^2

) d2lnß

d(lna)^2 −ßP [ ßP 6 (2+5f)−(1+f ) k a^2 + ( x+ 1 12α ) (1−f) ] d lnß d lna − 1 6 ( ßP + 1 2α )[ 1 α −ßP (1+f) ]

= nκ^2_6AT^t_r 4αH + κ^2_6T^r_r −Λ_6 4α − 3 16α^2

. (31)

For T^t_r = 0, equation (30) is solved for d lnß/d lna as

d lnß d lna = ßP −6fA^2 +1/2α 6(x−ka^{−2} −1/12α) . (32)

Differentiating equation (32) and replacing in equation (31), we obtain the following algebraic equation

χ_5A^5 +χ_4A^4 +χ_3A^3 +χ_2A^2 +χ_1A+χ_0 = 0, (33)

where A = A^2, and χ’s are functions of x, ϱ = −σ_3ρ given in the appendix. Now, the system of equations (26), (27) has been substituted equivalently by the system of equations (32), (33). Dropping from now on T^r_r completely from the notation, differentiating equation (33) once more, and comparing with equation (32), we finally substitute the system of equations (26), (27) by the algebraic system (33), (34):

ψ_7A^7+ψ_6A^6 +ψ_5A^5+ψ_4A^4 +ψ_3A^3+ψ_2A^2+ψ_1A+ψ_0 = 0, (34)

where ψ’s are functions of x, ϱ, given in the appendix. After some algebraic manipulation, the system of equations (33), (34) is written equivalently as the following system

H_2A^2 + H_1A + 1 = 0 (35) H_1A + H_0 = 0, (36) where H’s, H’s are functions of x, ϱ given in the appendix. From equations (35), (36) one obtains

H(x, ϱ) ≡ H_2H^2_0 − H_1H_0H_1 + H^2_1 = 0. (37)

This equation could still be the (first order) Hubble equation of the model even without containing any integration constants. However, this is not the case, since the consistency of equation (37) with equation (36) gives

J(x, ϱ) ≡ {3(1+w)xϱH_1 +[(1+9w)ϱ−8(σ−3σ_1x)]H_0}H_{,x} +3(1+w)ϱ[(ϱ+σ)H_1 +9σ_1H_0]H_{,ϱ} = 0,(38)

where σ = σ_2 + σ_1/4α. It can now be checked (e.g. numerically) that on the two-dimensional plane (x, ϱ) the two curves H(x, ϱ) = 0, J(x, ϱ) = 0 do not coincide, which completes our statement of non-existence of isotropic braneworld cosmologies [13].

If we are interested in looking at the compatibility of embedding a maximally symmetric 3-brane (with R = 4ℓ) carrying only a tension in a static bulk, we have to put in the line-element (15) L(t, r) = L̃(r) (thus β=constant), n(t, r) = ñ(r), and a(t, r) = ñ(r)ã(t), where ˙ã^2 + k = ℓñ(0)^2ã^2/3. For the regular case (b), equations (16), (17) coincide giving

σ_2 +β/4α = ℓ(σ_1 −β), (39)

equations (20), (26) are trivially satisfied, and equation (27) gives the value of the bulk cosmological constant

Λ_6 = 2ℓ(1+2αℓ/3), (40)

making the embedding of maximally symmetric branes permissible. This solution generalizes known results from cosmic strings. For the case (a), equation (20) gives

σ_2 = ℓσ_1, (41)

the matching conditions (16), (17) coincide giving

A^2 = N^2 = (ℓ+1/4α)/3, (42)

equation (26) is trivially satisfied, and equation (27) gives again a value for the bulk cosmological constant

Λ_6 = −5/12α, (43)

with the deficit angle β remaining undetermined. This is a new solution with a maximally symmetric 3-brane embedded in a six-dimensional bulk with negative cosmological constant (non-AdS_6), where divergences of the bulk scalar curvature of the form 1/r appear as approaching the brane.

In conclusion, we have considered a codimension two (thin) braneworld with conical singularities in Einstein- Gauss-Bonnet (-induced gravity) theory with a bulk cosmological constant, where the addition of the Gauss- Bonnet term is known to make meaningful the situation when non-trivial braneworld matter content is included. Considering all the field equations at the position of the brane, we have shown that for axially symmetric bulks an isotropic braneworld cosmological ansatz is incompatible with the model. Technically, this is because there is (excluding the gauge arbitrariness) one equation more than the unknowns, which is finally inconsistent with the other equations. Having developed to some degree our formulation on a general basis, makes it also applicable to other braneworld configurations. It is easily seen that the case of a maximally symmetric 3-brane is compatible with the formulation.

Acknowlegements We wish to thank C. Carvalho, C. Charmousis, T. Christodoulakis, R. Emparan, K. Koyama, R. Maartens, E. Papantonopoulos, E. Verdaguer and in particular J. Garriga for useful discussions. This work is supported by a European Commission Marie Curie Fellowship, under contract MEIF-CT-2004-501432.

Appendix We provide here the quantities χ(x, ϱ) appearing in equation (33)

χ_5 = 9σ^2_1{(1+9w)ϱ−4[2σ−9σ_1(x−α̃−k̃)]}

χ_4 3σ_1

= −2(1+12w+27w^2)ϱ^2+{4σ(5+21w)−3σ_1[12α̃(27w^2

+30w+2)+18k̃(1+17w+18w^2)−(13+261w+324w^2) x]}ϱ−4[8σ^2−3σσ_1(19x+3α̃−9k̃)−54σ^2_1 x(x−α̃−k̃)] χ_3 = (1+15w+54w^2)ϱ^3−6{(2+13w−9w^2)σ+2σ_1[(2+30w

+27w^2)x−3ã(2+23w+18w^2)−k̃(4+51w+54w^2)]}ϱ^2+3 {(9−31w)σ^2−4σσ_1[3α̃(1−23w−18w^2)+2(27w^2+42w+14)

x−k̃(11+51w+54w^2)]+3σ^2_1x[36α̃(2+13w+9w^2)−(324w^2

+297w+53)x+12k̃(5+30w+27w^2)]}ϱ+2[20σ^3+243σ^3_1(3ω

−2x^2)(x−α̃−k̃)+6σ^2σ_1(x−9α̃+7k̃)−36σσ^2_1 x(10x+9α̃−3k̃)]

χ_2 = 27σ^2_1x^3[(13+9w)ϱ+4σ]−2α̃(ϱ+σ)[2σ(9w^2+45w+2)ϱ −34σ^2−243σ^2_1ω+2(1+9w−9w^2)ϱ^2]+6σ_1x^2{(81w^2+72w +11)ϱ^2+10σ(2σ+9α̃σ_1)+2ϱ[(29+63w+54w^2)σ−9α̃σ_1 (4+9w)]}−x(ϱ+σ){(1+21w+144w^2)ϱ^2+124σ^2+486σ^2_1ω −360α̃σσ_1 −[(55+339w+36w^2)σ−72α̃σ_1(2+16w+9w^2)]

ϱ}−2k̃{(1+9w−18w^2)ϱ^3+6[(2+15w)σ+2σ_1(27w^2+30w

+4)x]ϱ^2−σ[26σ^2−12σσ_1x+27σ^2_1(2x^2 +9ω)]}−6k̃ϱ{4σσ_1 (5+30w+27w^2)x+9σ^2_1 [(7+9w)x^2−9ω]−σ^2(5−27w−6w^2)}

χ_1 ϱ+σ = 2k̃{2x[(1+6w−9w^2)ϱ^2 +(5+42w+9w^2 )σϱ−14σ^2]

+6σ_1x^2[(4+9w)ϱ−5σ]−27σ_1ω(ϱ+σ)}−18σ_1(ϱ+σ)(3α̃ω +2x^3)+2x{2α̃(2+15w−9w^2)ϱ^2+[27σ_1ω−2α̃σ(2−51w −9w^2)]ϱ+σ(27σ_1ω−44α̃σ)}−x^2{(1−9w−90w^2)ϱ^2− 4σ (20σ−63α̃σ_1)−[36α̃σ_1(2+9w)−(47+243w+36w^2 )σ]ϱ} χ_0 (ϱ+σ)^2 = x^2{[(1−3w)ϱ+4σ]x−4α̃[(1+6w)ϱ−5σ] −2k̃[(1+3w)ϱ−2σ]}−2ω(ϱ+σ)(x−α̃ −k̃), where α̃ ≡ 1/12α, ω ≡ (Λ_6 − κ^2_6T^r_r + 5/12α)/6α, and k̃ ≡ k/a^2 = k(ϱ/ϱ_o)^{2/3(1+w)}, with ϱ_o > 0 integration constant.

We give here the quantities ψ(x, ϱ) appearing in equation (34)

ψ_j = ψ̃_j +c_j , 0 ≤ j ≤ 7,

where ψ̃_j == 2(x−α̃−k̃){3(1+w)ϱ[xχ_{j,x} +(ϱ+σ)χ_{j,ϱ}]−[(1+9w)ϱ −8(σ−3σ_1x)]χ_{j−1,x}−27(1+w)σ_1ϱχ_{j−1,ϱ}}

(c_7, c_6, c_5, c_4, c_3, c_2, c_1, c_0) = (−15σ_1χ_5 , −12σ_1χ_4 +5ζ̂χ_5,

−9σ_1χ_3 +4ζ̂χ_4 −5ζ̌χ_5 , −6σ_1χ_2+3ζ̂χ_3 −4ζ̌χ_4+5ζχ_5, −3σ_1χ_1 +2ζ̂χ_2 −3ζ̌χ_3 +4ζχ_4 , ζ̂χ_1 −2ζ̌χ_2 +3ζχ_3, −ζ̌χ_1 +2ζχ_2 , ζχ_1) ζ = x(x+2α̃)(ϱ+σ) ζ̂ = (1+6w)ϱ−5σ−6σ_1(6x−11α̃−8k̃)

ζ̌ = 6α̃[(1−2w)ϱ+3σ]+4k̃[(1−3w)ϱ+4σ]+9σ_1x^2 −2x[(1−9w)ϱ+10σ−9α̃σ_1]. We provide now the quantities H(x, ϱ), H(x, ϱ) appearing in equations (35), (36)

(H_2, H_1) = ( F_3[(C_2 −F_1C_1)(B_1−p_1)+F_1(B_2 −p_2)+p_3 −B_3],

(F_1F_2 −F_3)[B_2 −p_2 −C_1(B_1−p_1)]−(C_4 −F_2C_2)(B_1−p_1)

−F_2(B_3 −p_3)+B_5 −p_5 )/[ (F^2_1 −F_2)[B_2 −p_2 −C_1(B_1−p_1)]

−(C_3 −F_1C_2)(B_1−p_1)−F_1(B_3 −p_3)+B_4 −p_4 ]

(H_1, H_0) = ( (F_3−H_2F_1)[B_2 −p_2 −C_1(B_1 −p_1)]+(C_4−H_2C_2)

(B_1−p_1)+H_2(B_3 −p_3)+p_5 −B_5, (F_2−H_1F_1)[B_2 −p_2 −C_1

(B_1−p_1)]+(C_3 −H_1C_2)(B_1−p_1)+H_1(B_3 −p_3)+p_4 −B_4 )

where

(F_3, F_2, F_1) = ( C_4[C_1(B_1 −p_1)+p_2 −B_2], (C_1C_3 −C_4)(B_1−p_1)

−C_3(B_2 −p_2)+B_5 −p_5, (C_1C_2−C_3)(B_1 −p_1)−C_2(B_2 −p_2)

+B_4 −p_4 ) / [(C^2_1 −C_2)(B_1 −p_1)−C_1(B_2 −p_2)+B_3 −p_3]

(C_4, C_3, C_2, C_1) = ( B_5(B_1−p_1), B_4(B_1−p_1)+p_5 −B_5, B_3(B_1

−p_1)+p_4 −B_4, B_2(B_1−p_1)+p_3 −B_3 ) /(B^2_1−B_2 −B_1p_1+p_2) (B_5, B_4, B_3, B_2, B_1) = ( q_7, p_5(p_1−q_1)+q_6, p_4(p_1−q_1)+q_5−p_5,

p_3(p_1−q_1)+q_4−p_4, p_2(p_1−q_1)+q_3 −p_3 ) /(p^2_1−p_2 −p_1q_1+q_2)

and p_i = χ_i/χ_0 (1 ≤ i ≤ 5), q_j = ψ_j /ψ_0 (1 ≤ j ≤ 7).

[1] R. Sundrum, Phys. Rev. D59, 085010 (1999) [hep-ph/9807348]; J-W. Chen, M. Luty and E. Ponton, JHEP 0009, 012 (2000) [hep-th/0003067]; S. Carroll and L. Mersini, Phys. Rev. D64, 124008 (2001) [hep-th/0105007]; S. Carroll and M. Guica, hep-th/0302067; I. Navarro, JCAP 0309, 004 (2003) [hep-th/0302129]; I. Navarro, Class. Quant. Grav. 20, 3603 (2003) [hep-th/0305014]; H-P. Nilles, A. Papazoglou and G. Tasinato, Nucl. Phys. B677, 405 (2004) [hep-th/0309042]; H.M. Lee, Phys. Lett. B587, 117 (2004) [hep-th/0309050]; R. Battye, B. Carter and A. Mennim, Phys. Rev. Lett. 92, 201305 (2004) [hep-th/0312198]; M. Graesser, J. Kile and P. Wang, Phys. Rev. D70, 024008 (2004) [hep-th/0403074].

[2] Y. Aghababaie, C. Burgess, S. Parameswaran and F. Quevedo, Nucl. Phys. B680, 389 (2004) [hep-th/0304256]; G. Gibbons, R. Guven and C. Pope, Phys. Lett. B595, 498 (2004) [hep-th/0307238]; Y. Aghababaie, C. Burgess, J. Cline, H. Firouzjahi, S. Parameswaran, F. Quevedo, G. Tasinato and I. Zavala, JHEP 0309, 037 (2003) [hep-th/0308064]; C. Burgess, Ann. Phys. 313, 283 (2004) [hep-th/0402200] J.

Garriga and M. Porrati, JHEP 0408, 028 (2004) [hep-th/0406158]; C. Burgess, F. Quevedo, G. Tasinato and I. Zavala, JHEP 0411, 069 (2004) [hep-th/0408109]; C. Burgess, AIP Conf. Proc. 743, 417 (2005) [hep-th/0411140]; C. Burgess and D. Hoover, hep-th/0504004.

[3] S. Deser, R. Jackiw and G. ’t Hooft, Ann. Phys. 152, 220 (1984); R. Geroch and J. Traschen, Phys. Rev. D36, 1017 (1987); R. Gregory and A. Padilla, Phys. Rev. D65, 084013 (2002) [hep-th/0104262]; R. Gregory and A. Padilla, Class. Quant. Grav. 19, 279 (2002) [hep-th/0107108].

[4] A. Kehagias, Phys. Lett. B600, 133 (2004) [hep-th/0406025]; S. Randjbar-Daemi and V. Rubakov, JHEP 0410, 054 (2004) [hep-th/0407176]; H.M. Lee and A. Papazoglou, Nucl. Phys. B705, 152 (2005) [hep-th/0407208]; V. Nair and S. Randjbar-Daemi, JHEP 0503, 049 (2005) [hep-th/0408063].

[5] R. Gregory, Phys. Rev. D54, 4955 (1996); U. Gunther and A. Zhuk, Phys. Rev. D56, 6391 (1997) [gr-qc/9706050]; A. Cohen and D. Kaplan, Phys. Lett. B470, 52 (1999) [hep-th/9910132]; R. Gregory, Phys.

Rev. Lett. 84, 2564 (2000) [hep-th/9911015]; U. Gunther and A. Zhuk, Phys. Rev. D61, 124001 (2000) [hep-ph/0002009]; T. Gherghetta and M. Shaposhnikov, Phys. Rev. Lett. 85, 240 (2000) [hep-th/0004014]; U. Gunther and A. Zhuk, Class. Quant. Grav. 18, 1441 (2001) [hep-ph/0006283]; E. Ponton and E. Poppitz, JHEP 0102, 042 (2001) [hep-th/0012033]; P. Kanti, R. Madden and K. Olive, Phys. Rev. D64, 044021 (2001) [hep-th/0104177]; F. Leblond, Phys. Rev. D64, 045016 (2001) [hep-ph/0104273]; F. Leblond, R. Myers and D. Winters, JHEP 0107, 031 (2001) [hep-th/0106140]; K. Milton, S. Odintsov and S. Zerbini, Phys. Rev. D65, 065012 (2002) [hep-th/0110051]; S. Carroll, J. Geddes, M. Hoffman and R. Wald, Phys. Rev. D66, 024036 (2002) [hep-th/0110149]; C. Burgess, J. Cline, N. Constable and H. Firouzjahi, JHEP 0201, 014 (2002) [hep-th/0112047]; B. de Carlos and J. Moreno, JHEP 0311, 040 (2003) [hep-th/0309259]; Y. Brihaye and B. Hartmann, Int. J. Mod. Phys. A11, 2265 (2005) [hep-th/0408099].

[6] J. Cline, J. Descheneau, M. Giovannini and J. Vinet, JHEP 0306, 048 (2003) [hep-th/0304147].

[7] S. Hayakawa, D. Ida, T. Shiromizu and T. Tanaka, Prog. Theor. Phys. Suppl. 148, 128 (2002); E. Gravanis and S. Willison, J. Math. Phys. 45, 4223 (2004) [hep-th/0306220]; J-M. Schwindt and C. Wetterich, Phys. Lett. B578, 409 (2004) [hep-th/0309065]; H.M. Lee and G. Tasinato, JCAP 0404, 009 (2004) [hep-th/0401221]; I. Navarro and J. Santiago, JHEP 0404, 062 (2004) [hep-th/0402204]; A. Maroto, Phys. Rev. D69, 101304 (2004) [hep-ph/0402278]; N. Kaloper, JHEP 0405, 061 (2004) [hep-th/0403208]; A. Buchel and A. Ghodsi, Phys. Rev. D70, 126008 (2004) [hep-th/0404151]; Z.C. Wu, Phys. Lett. B612, 115 (2005) [hep-th/0405249]; J. Vinet and J. Cline, Phys. Rev. D70, 083514 (2004) [hep-th/0406141]; J. Vinet,

Int. J. Mod. Phys. A19, 5295 (2004) [hep-th/0408082]; I. Navarro and J. Santiago, JHEP 0502, 007 (2005) [hep-th/0411250]; J. Vinet and J. Cline, Phys. Rev. D71, 064011 (2005) [hep-th/0501098]; I. Navarro and J. Santiago, hep-th/0505156.

[8] P. Bostock, R. Gregory, I. Navarro and J. Santiago, Phys.

Rev. Lett. 92, 221601 (2004) [hep-th/0311074]. [9] C. Charmousis and R. Zegers, JHEP 0508, 075 (2005) [hep-th/0502170]; C. Charmousis and R. Zegers, Phys. Rev. D72, 064005 (2005) [hep-th/0502171].

[10] S. Kanno and J. Soda, JCAP 0407, 002 (2004) [hep-th/0404207]; P. Wang and X-H. Meng, Phys. Rev. D71, 024023 (2005) [hep-th/0406170]; S. Kanno and J. Soda, gr-qc/0410067; E. Papantonopoulos and A. Papazoglou, JCAP 0507, 004 (2005) [hep-th/0501112].

[11] For other efforts to construct braneworld models in six-dimensions with Einstein-Gauss-Bonnet gravity see: M. Giovannini Phys. Rev. D63, 064011 (2001) [hep-th/0011153]; J.E. Kim, B. Kyae and H.M. Lee, Phys. Rev. D64, 065011 (2001) [hep-th/0104150]; I.P. Neupane, Class. Quant. Grav. 19, 5507 (2002) [hep-th/0106100]; O. Corradini, A. Iglesias, Z. Kakushadze and P. Langfelder, Phys. Lett. B521, 96 (2001) [hep-th/0108055]; M. Giovannini and H.B. Meyer, Phys. Rev. D64, 124025 (2001) [hep-th/0108156].

[12] G. Kofinas, Class. Quant. Grav. 22, L47 (2005) [hep-th/0412299].

[13] Attempting to generalize metric (15) to an off-diagonal ansatz by adding the term 2J^i(t, r)γij (x)dtdx^j, the matching conditions (7) provide J^{i′} (t, 0^+ )=0. Additionally, in order to assure an untilded isotropic 4-cosmology, one has to impose J^i(t, 0)=0. Therefore, all the first order brane equations implying the inconsistency remain unaffected.