Published by Institute of Physics Publishing for SISSA/ISAS Received: December 6, 2001 Accepted: March 4, 2002

Brane-world and holography

Tetsuya Shiromizu,^a Takashi Torii^{ab} and Daisuke Ida^a

aResearch Centre for the Early Universe (RESCEU), The University of Tokyo Tokyo 113-0033, Japan bAdvanced Research Institute for Science and Engineering, Waseda University Shinjuku-ku, Tokyo 169-8555, Japan E-mail: siromizu@utap.phys.s.u-tokyo.ac.jp, torii@resceu.s.u-tokyo.ac.jp,

ida@resceu.s.u-tokyo.ac.jp

Abstract: We consider the brane-world in the holographic point of view. Bearing the realistic models in mind, the bulk massless scalar field is introduced. First of all, we find the constraint on the coupling of the scalar fields with the matter (not holographic CFT) on the brane. We show that the traceless part of the energy-momentum tensor of holographic CFT is a part of the bulk Weyl tensor. The trace part which comes from the trace-anomaly is corresponding to the ρ^2-term appeared in the generalized FRW equation in the brane-world.

Keywords: AdS-CFT Correspondence, Classical Theories of Gravity.

© SISSA/ISAS 2002 http://jhep.sissa.it/archive/papers/jhep032002007 /jhep032002007 .pdf

Contents

1. Introduction 1

2. The gravitational equation on the brane 2

3. View from the holography 3 3.1 Set-up 3 3.2 An example 4

4. Summary 5

A. Derivation of the counter terms 6

1. Introduction

The Randall-Sundrum brane-world is the attractive and simple model which describes the stringy cosmology [1, 2], where the 4-dimensional spacetime is regarded as a 4-dimensional Minkowski spacetime embedded in the 5-dimensional anti-de Sitter (AdS) spacetime. In this model, it has been checked that the Newton gravity is recovered in the linearized theory [1]–[6], and in special cases, it has recently been confirmed that the Einstein gravity is recovered up to the second order perturbation analysis [7]. Due to the technical reason, however, the non-linear aspects of the brane-world are still unclear (See ref. [8] for some attempts on this issue). It is remarkable that the homogeneous-isotropic universe is described by the domain wall motion in the 5-dimensional Schwarzschild-AdS spacetime [9, 10].

We shall consider in this paper that the gravitational equations on the brane from the holographic point of view. We will compare the gravitational equations, which are obtained via the purely geometrical reduction without any approximations, with the effective equations derived by using the AdS/CFT correspondence [11]. This direction was initiated by Witten, and then formulated by others [6, 12, 13, 14]. They have shown that the correction to the Newton gravity can be calculated by CFT living on the brane(See ref. [15] for the cosmological applications). In connection with this topic, other aspects of the dilatonic brane-world have been actively investigated so far [16]–[21].

In this paper we will consider what kind of brane-world is compatible to the AdS/CFT correspondence. There are two ways to obtain the effective equation on the brane. By comparing them, our purpose should be attained. The rest of this report is organised as follows. In section 2, following refs. [5, 18], we give a brief review of the gravitational equations on the brane. In section 3, we derive the effective equations on the brane via the AdS/CFT correspondence and compare them with those described in section 2. To make the points clear, we consider a simple model there. The model, which can be described by the aspect of the AdS/CFT correspondence, has a certain constraint on the coupling of the scalar field to the matters on the brane. Finally, we give a summary in section 4.

– 1 –

2. The gravitational equation on the brane

In this section, we briefly review the gravitational equation on the brane derived in refs. [5, 18]. We begin with the action

S = S_{bulk} + S_{brane} = {∫ d^5x √ −g [ 1 2κ_5^2 (5)R − 1 2 (∇ϕ)^2 − V (ϕ) ] + ∫ d^4x √ −g 1 κ_5^2 K } + + ∫ d^4x √ −q [ L_m − λ(ϕ) ] . (2.1)

We here work on the gaussian normal coordinate such that the metric takes the form

ds^2 = g_{MN} dx^M dx^N = dy^2 + q_{μν} (y, x)dx^μdx^ν . (2.2)

The brane is assumed to locate at y = 0 and q_{μν} (0, x) =: q_{μν} (x) is the induced metric on the brane. From the Gauss equation and the Israel’s junction condition [22], the gravitational equation on the brane is given by

(4)G_{μν} =

2κ_5^2 3 T̂_{μν} (ϕ)+g_{μν} [ −Λ_4 + κ_5^2 16 ( 2 dλ dϕ + ∂L_m ∂ϕ ) ∂L_m ∂ϕ ] +8πG_4(ϕ)τ_{μν} +κ_5^4π_{μν} −E_{μν} , (2.3) where

T̂_{μν} (ϕ) = D_μϕD_ν ϕ − 5 8 q_{μν} (Dϕ)^2 ,

Λ_4 = 1 2 κ_5^2 [ V + 1 6 κ_5^2λ^2 − 1 8 ( dλ dϕ )_2] , 8πG_4(ϕ) = κ_5^4 6 λ(ϕ) , π_{μν} = − 1 4 τ_{μα}τ_ν^α + 1 12 ττ_{μν} + 1 8 q_{μν} τ_{αβ}τ^{αβ} − 1 24 q_{μν} τ^2 , (2.4) and E_{μν} =^{(5)}C_{μMνN} n^M n^N . (2.5)

τ_{μν} is the energy-momentum tensor of L_m on the brane. D_μ is the covariant derivative with respect to q_{μν} . Here we have taken into account a possibility that the matter fields on the brane couple to the dilaton field ϕ. The second-rank trace-free symmetric tensor E_{μν} is the so-called “electric” part of the 5-dimensional Weyl tensor,^{(5)}C_{KLMN} . Note that we did not use any approximation to derive the gravitational equations. In this sense, eq. (2.3) is exact under the assumption that the full action is given by eq. (2.1). Since E_{μν} is the 5-dimensional quantity, however, the above equations are not a closed system in the 4-dimensional sense. To evaluate E_{μν} on the brane, we must solve the equation for E_{μν} in the bulk [4, 23].

In a similar way, we obtain the equation for the scalar field on the brane: D^2ϕ − κ_5^2 12 (4λ − τ) ( dλ dϕ + ∂L_m ∂ϕ ) − dV dϕ = −∂^2_y ϕ|_{brane} . (2.6)

– 2 –

The trace part of the gravitational equation on the brane will play an important role for the discussion in the next section:

(4)R = κ_5^2(Dϕ)^2 + 4 [ Λ_4 − κ_5^2 16 ( 2 dλ dϕ + ∂L_m ∂ϕ ) ∂L_m ∂ϕ ] − 8πG_4τ − κ_5^4π^μ_μ . (2.7)

Hereafter we set κ_5^2 = 1 for the brevity.

3. View from the holography

3.1 Set-up

To derive the effective equation on the brane from the holographic point of view, we follow the Giddings, Katz and Randall’s argument [6], where they started with the following observation in the path integral: Z = ∫ Dge^{i[S5(g)+ 12 Sbrane(q)]} = ∫ Dqe^{i2 Sbrane} ∫ g|_b=q Dge^{iS5} = ∫ Dqe^{i2 Sbrane} e^{iSct} ⟨ e^i ∫ d^4xq_{μν} T^{μν} ⟩ CFT . (3.1)

In the above a coupling of the bulk scalar to a boundary operator is tacitly included, this is, g expresses the both of the metric and scalar for the brevity. S_5 is the gravitational action with the boundary term, S_{brane} is the brane action including the brane tension and the matter fields on the brane. When we move from the second to the third lines, we have used the AdS/CFT correspondence [11]; Roughly speaking, the classical gravity in the bulk is dual with CFT living on the boundary. Then, we must introduce the counter-term S_{ct} to make the action finite. The counter-term is assumed to have the local form in terms of the 4-dimensional quantities, which can be easily determined by using the Hamilton-Jacobi equation [24] (See also [25]):^1

H = 2 √ −q δS δq_{αβ} δS δq_{μν} ( q_{αμ}q_{βν} − 1 3 q_{αβ}q_{μν} ) + + 1 2 1 √ −q ( δS δϕ )_2 − 1 2 √ −q(Dϕ)^2 + 1 2 √ −q^{(4)}R − √ −qV (ϕ) = 0 . (3.2)

This will be solved by expanding on shell action S with respect to the order of the derivatives, that is, we perform the derivative expansion.

1The Hamilton-Jacobi equation was applied into cosmology to discuss the inhomogeneities in the long wave limit [27]. The long wave approximation seems to correspond to the low energy limit.

– 3 –

3.2 An example In this subsection, we will show an explicit relation between the “electric” part of the 5- dimensional Weyl tensor and the energy-momentum tensor of CFT living on the brane to the 2nd order of the derivative expansion. To the 4th order, we will obtain the relation between π^μ_μ and the trace-anomaly of CFT.

First of all, we remind that the generalized AdS/CFT argument depends on the scheme in the general bulk potential except for the trivial case. Apart from the Hamilton-Jacobi formalism adopted in this report, there is another way where we take the metric expansion near the brane (i.e., boundary) [28]. To obtain the universal result, our attention will be focused on the constant potential cases.

We here consider the system which can be controlled by the counter-term

S_{ct} = 3 ℓ ∫ d^4x √ −q + ℓ 4 ∫ d^4x √ −q (_{(4)} R − D_μϕD^μϕ ) + S^{(4)} + · · · , (3.3)

where S^{(4)} is the counter term including the 4th derivatives like^{(4)}R^2 and^{(4)}R(Dϕ)^2. As seen soon, the system must have the trivial potential for the bulk scalar field.

From the Hamilton-Jacobi equation of the 0th order, we obtain V (ϕ) = − 6 ℓ^2

= constant . (3.4)

Using the above counter-term in eq. (3.1), we obtain the effective gravitational equation on the brane:

(4)G_{μν} = 8πG_4τ_{μν} + D_μϕD_ν ϕ − 1 2 q_{μν} (Dϕ)^2 + 4 ℓ 1 √ −q δS^{(4)} δq_{αβ} q_{μα}q_{νβ} + 4 ℓ ⟨T_{μν} ⟩_{CFT} . (3.5)

This equation should be compared with eq. (2.3). In the above we set the net cosmological constant on the brane to be zero, which requires λ = 6 ℓ . (3.6)

Comparing eq. (2.3) with eq. (3.5), we obtain the relation between E_{μν} and the energymomentum tensor of CFT in the 2nd derivative order or O(T_{μν} ): E_{μν} = − 4 ℓ ⟨ T_{μν} − 1 4 q_{μν} T ⟩ CFT − 1 3 [ D_μϕD_ν ϕ − 1 4 q_{μν} (Dϕ)^2 ] . (3.7)

Although ⟨T_{μν} ⟩_{CFT} is expected to be higher order than (Dϕ)^2 terms, we keep it in the right-hand side in eq. (3.7).

The trace of the effective equation is

(4)R = −8πG_4τ + (Dϕ)^2 − 4 ℓ ⟨T^μ_μ⟩_{CFT} , (3.8)

where we used the fact that the tensor produced from the 4th order local term S^{(4)} is traceless: δS^{(4)} δq_{μν} q_{μν} = 0 . (3.9)

– 4 –

The trace-anomaly of CFT can also be evaluated by using the Hamilton-Jacobi equation [24, 26] and [28]–[31]:

⟨T^μ_μ⟩_{CFT} = ℓ^3 16 [ (4)R_{μν}^{(4)}R^{μν} − 1 3 (4)R^2 − 2^{(4)}R^{μν} D_μϕD_ν ϕ + 2 3 D_μϕD^μϕ^{(4)}R +

+ 2 3 (D_μϕD^μϕ)^2 ] . (3.10)

Let us compare eq. (2.7) with eq. (3.8). To do so we set Λ_4 = 0 in eq. (2.7). Since λ is constant, eq. (2.7) becomes

(4)R = −8πG_4τ + (Dϕ)^2 − 1 4 ( ∂L_m ∂ϕ )_2 − π^μ_μ . (3.11)

Using the Einstein equation to the 2nd order,^{(4)}G_{μν} ≃ 8πG_4τ_{μν} + D_μϕD_ν ϕ −^1_2 g_{μν} (Dϕ)^2, together with eqs. (3.8) and (3.11) implies ∂L_m ∂ϕ = 0 . (3.12)

This means that the coupling of the scalar field to the matter fields on the brane is not admitted. It is reminded that the holographic CFT does couples to the scalar field.

As a summary, we have shown

π^μ_μ = 4 ℓ ⟨T^μ_μ⟩_{CFT} . (3.13)

It is already well-known that the term, π^μ_μ, implies the modification of the FRW models [9]: (ȧ a )_2 = 8πG_4 3 ρ + 1 36 ρ^2 . (3.14)

Hence we can conclude that ρ^2-term comes from the trace-anomaly from the holographic point of view.

4. Summary

We considered the generic features of the brane-world from the holographic point of view. We showed that the explicit relation between the “electric” part of the Weyl tensor and the energy-momentum tensor of CFT living on the brane. This gives us the reformulation of previous works of refs. [6, 12] in the system with the bulk scalar field. In addition, the ρ^2-term comes from the trace anomaly of CFT.

We stress that the brane-world models with a correct AdS/CFT interpretation will belong to a rather limited class in general. As an example, we considered the bulk massless scalar field and showed that the coupling of the scalar field with the matters on the brane cannot be admitted. This is also one of our main results. On the other hand, it is reminded that holographic CFT is coupled to the bulk scalar on the branes(See eq. (3.10)).

– 5 –

Acknowledgments

We would like to thank T. Kawano, S. Nojiri, H. Ochiai and Y. Shimizu for fruitful discussions.

A. Derivation of the counter terms

In general the 0th order of the counter terms can be written as

S^{(0)} = 3 ∫ d^4x √ −qH(ϕ) . (A.1) In this order the Hamilton-Jacobi equation is 2 √ −q δS^{(0)} δq_{αβ} δS^{(0)} δq_{μν} ( q_{αμ}q_{βν} − 1 3 q_{αβ}q_{μν} ) + 1 2 1 √ −q ( δS^{(0)} δϕ )_2 − √ −qV (ϕ) = 0 . (A.2)

Substituting eq. (A.1) into eq. (A.2), we obtain the relation between the potential for the bulk scalar and H(ϕ):

V (ϕ) = 9 2 [( dH dϕ )_2 − 4 3 H^2(ϕ) ] . (A.3)

Since H(ϕ) = 1/ℓ in the text, we obtain eq. (3.4). In the 2nd order the Hamilton-Jacobi equation is 4 √ −q δS^{(0)} δq_{αβ} δS^{(2)} δq_{μν} ( q_{αμ}q_{βν} − 1 3 q_{αβ}q_{μν} ) + 1 √ −q δS^{(0)} δϕ δS^{(2)} δϕ − 1 2 √ −q(Dϕ)^2 + 1 2 √ −q^{(4)}R = 0 .

(A.4) Substituting eq. (A.1) into the above, we obtain eq. (3.3) in the text.

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] L. Randall and R. Sundrum, An alternative to compactification, Phys. Rev. Lett. 83 (1999) 4690 [hep-th/9906064].

[3] J. Garriga and T. Tanaka, Gravity in the brane-world, Phys. Rev. Lett. 84 (2000) 2778 [hep-th/9911055];

T. Tanaka, Asymptotic behavior of perturbations in Randall-Sundrum brane-world, Prog. Theor. Phys. 104 (2000) 545 [hep-ph/0006052];

T. Tanaka and X. Montes, Gravity in the brane-world for two-branes model with stabilized modulus, Nucl. Phys. B 582 (2000) 259 [hep-th/0001092].

[4] M. Sasaki, T. Shiromizu and K.-i. Maeda, Gravity, stability and energy conservation on the Randall-Sundrum brane-world, Phys. Rev. D 62 (2000) 024008 [hep-th/9912233].

[5] T. Shiromizu, K.-i. Maeda and M. Sasaki, The Einstein equations on the 3-brane world, Phys. Rev. D 62 (2000) 024012 [gr-qc/9910076].

– 6 –

[6] S.B. Giddings, E. Katz and L. Randall, Linearized gravity in brane backgrounds, J. High Energy Phys. 03 (2000) 023 [hep-th/0002091].

[7] H. Kudoh and T. Tanaka, Second order perturbations in the Randall-Sundrum infinite brane-world model, Phys. Rev. D 64 (2001) 084022 [hep-th/0104049].

[8] R. Emparan, G.T. Horowitz and R.C. Myers, Exact description of black holes on branes, J.

High Energy Phys. 01 (2000) 007 [hep-th/9911043]; Exact description of black holes on branes, 2. Comparison with BTZ black holes and black strings, J. High Energy Phys. 01 (2000) 021 [hep-th/9912135];

N. Dadhich, R. Maartens, P. Papadopoulos and V. Rezania, Black holes on the brane, Phys. Lett. B 487 (2000) 1 [hep-th/0003061];

T. Shiromizu and M. Shibata, Black holes in the brane world: time symmetric initial data, Phys. Rev. D 62 (2000) 127502 [hep-th/0007203];

A. Chamblin, H.S. Reall, H.-a. Shinkai and T. Shiromizu, Charged brane-world black holes, Phys. Rev. D 63 (2001) 064015 [hep-th/0008177].

[9] P. Binetruy, C. Deffayet, U. Ellwanger and D. Langlois, Brane cosmological evolution in a bulk with cosmological constant, Phys. Lett. B 477 (2000) 285 [hep-th/9910219]; H.A. Chamblin and H.S. Reall, Dynamic dilatonic domain walls, Nucl. Phys. B 562 (1999) 133 [hep-th/9903225];

T. Nihei, Inflation in the five-dimensional universe with an orbifold extra dimension, Phys. Lett. B 465 (1999) 81 [hep-ph/9905487];

N. Kaloper, Bent domain walls as braneworlds, Phys. Rev. D 60 (1999) 123506 [hep-th/9905210];

H.B. Kim and H.D. Kim, Inflation and gauge hierarchy in Randall-Sundrum compactification, Phys. Rev. D 61 (2000) 064003 [hep-th/9909053];

P. Kraus, Dynamics of anti-de Sitter domain walls, J. High Energy Phys. 12 (1999) 011 [hep-th/9910149];

D. Ida, Brane-world cosmology, J. High Energy Phys. 09 (2000) 014 [gr-qc/9912002]; E.E. Flanagan, S.H.H. Tye and I. Wasserman, Cosmological expansion in the Randall-Sundrum brane world scenario, Phys. Rev. D 62 (2000) 044039 [hep-ph/9910498]; P. Bowcock, C. Charmousis and R. Gregory, General brane cosmologies and their global spacetime structure, Class. and Quant. Grav. 17 (2000) 4745 [hep-th/0007177]; S. Mukohyama, Brane-world solutions, standard cosmology and dark radiation, Phys. Lett. B 473 (2000) 241 [hep-th/9911165];

S. Mukohyama, T. Shiromizu and K.-I. Maeda, Global structure of exact cosmological solutions in the brane world, Phys. Rev. D 62 (2000) 024028 [hep-th/9912287].

[10] J. Garriga and M. Sasaki, Brane-world creation and black holes, Phys. Rev. D 62 (2000) 043523 [hep-th/9912118].

[11] J. Maldacena, The large-N limit of superconformal field theories and supergravity, Adv.

Theor. Math. Phys. 2 (1998) 231 [hep-th/9711200];

O. Aharony, S.S. Gubser, J. Maldacena, H. Ooguri and Y. Oz, Large-N field theories, string theory and gravity, Phys. Rept. 323 (2000) 183 [hep-th/9905111];

S.S. Gubser, I.R. Kelbanov and A.M. Polyakov, Gauge theory correlators from noncritical string theory, Phys. Lett. B 428 (1998) 105 [hep-th/9802109];

E. Witten, Anti-de Sitter space and holography, Adv. Theor. Math. Phys. 2 (1998) 253 [hep-th/9802150].

[12] S.S. Gubser, AdS/CFT and gravity, Phys. Rev. D 63 (2001) 084017 [hep-th/9912001];

– 7 –

M.J. Duff and J.T. Liu, Complementarity of the Maldacena and Randall-Sundrum pictures, Phys. Rev. Lett. 85 (2000) 2052 [hep-th/0003237];

M. Perez-Victoria, Randall-Sundrum models and the regularized AdS/CFT correspondence, J. High Energy Phys. 05 (2001) 064 [hep-th/0105048].

[13] T. Shiromizu and D. Ida, Anti-de Sitter no hair, AdS/CFT and the brane-world, Phys. Rev.

D 64 (2001) 044015 [hep-th/0102035].

[14] A. Hebecker and J. March-Russell, Randall-Sundrum II cosmology, AdS/CFT and the bulk black hole, Nucl. Phys. B 608 (2001) 375 [hep-ph/0103214].

[15] S.W. Hawking, T. Hertog and H.S. Reall, Brane new world, Phys. Rev. D 62 (2000) 043501 [hep-th/0003052];

L. Anchordoqui, C. Nunez and K. Olsen, Quantum cosmology and AdS/CFT, J. High Energy Phys. 10 (2000) 050 [hep-th/0007064].

[16] A. Lukas, B.A. Ovrut, K.S. Stelle and D. Waldram, The universe as a domain wall, Phys.

Rev. D 59 (1999) 086001 [hep-th/9803235];

A. Lukas, B.A. Ovrut and D. Waldram, Cosmological solutions of Hořava-Witten theory, Phys. Rev. D 60 (1999) 086001 [hep-th/9806022];

H.S. Reall, Open and closed cosmological solutions of Hořava-Witten theory, Phys. Rev. D 59 (1999) 103506.

[17] H.A. Chamblin and H.S. Reall, Dynamic dilatonic domain walls, Nucl. Phys. B 562 (1999) 133 [hep-th/9903225].

[18] K.-I. Maeda and D. Wands, Dilaton-gravity on the brane, Phys. Rev. D 62 (2000) 124009 [hep-th/0008188].

[19] A. Mennim and R.A. Battye, Cosmological expansion on a dilatonic brane-world, Class. and Quant. Grav. 18 (2001) 2171 [hep-th/0008192];

C. Barcelo and M. Visser, Braneworld gravity: influence of the moduli fields, J. High Energy Phys. 10 (2000) 019 [hep-th/0009032].

[20] M. Cvetič, Extreme domain wall-black hole complementarity in N = 1 supergravity with a general dilaton coupling, Phys. Lett. B 341 (1994) 160; Naked singularities in dilatonic domain wall space times, Phys. Rev. D 51 (1995) 5768 [hep-th/9411170]; M. Cvetič and H.H. Soleng, Supergravity domain walls, Phys. Rept. 282 (1997) 159 [hep-th/9604090];

M. Cvetič and J. Wang, Vacuum domain walls in d-dimensions: local and global space-time structure, Phys. Rev. D 61 (2000) 124020 [hep-th/9912187];

M. Cvetič, H. Lu and C.N. Pope, Domain walls with localised gravity and domain-wall/QFT correspondence, Phys. Rev. D 63 (2001) 086004 [hep-th/0007209];

H. Ochiai and K. Sato, Vacuum brane and the bulk dynamics in dilatonic brane world, Phys. Lett. B 503 (2001) 404 [hep-th/0010163].

[21] O. Seto and H. Kodama, Gravitational waves in cosmological models of Hořava-Witten theory, Phys. Rev. D 63 (2001) 123506 [hep-th/0012102].

[22] W. Israel, Singular hypersurfaces and thin shells in general relativity, Nuovo Cim. 44B (1966) 1, erratum ibid. B48 (1967) 463.

[23] U. Gen and M. Sasaki, Radion on the de Sitter brane, Prog. Theor. Phys. 105 (2001) 591 [gr-qc/0011078].

– 8 –

[24] P. Kraus, F. Larsen and R. Siebelink, The gravitational action in asymptotically AdS and flat spacetimes, Nucl. Phys. B 563 (1999) 259 [hep-th/9906127];

J. de Boer, E. Verlinde and H. Verlinde, On the holographic renormalization group, J. High Energy Phys. 08 (2000) 003 [hep-th/9912012].

[25] K. Koyama and J. Soda, Strongly coupled CFT in FRW universe from AdS/CFT correspondence, J. High Energy Phys. 05 (2001) 027 [hep-th/0101164].

[26] M. Henningson and K. Skenderis, The holographic Weyl anomaly, J. High Energy Phys. 07 (1998) 023 [hep-th/9806087];

S. de Haro, S.N. Solodukhin and K. Skenderis, Holographic reconstruction of spacetime and renormalization in the AdS/CFT correspondence, Commun. Math. Phys. 217 (2001) 595 [hep-th/0002230];

S. de Haro, K. Skenderis and S.N. Solodukhin, Gravity in warped compactifications and the holographic stress tensor, Class. and Quant. Grav. 18 (2001) 3171 [hep-th/0011230].

[27] J. Parry, D.S. Salopek and J.M. Stewart, Solving the Hamilton-Jacobi equation for general relativity, Phys. Rev. D 49 (1994) 2872 [gr-qc/9310020].

[28] S. Nojiri, S.D. Odintsov and S. Ogushi, Finite action in D5 gauged supergravity and dilatonic conformal anomaly for dual quantum field theory, Phys. Rev. D 62 (2000) 124002 [hep-th/0001122];

S. Ogushi, Conformal anomaly via AdS/CFT duality, hep-th/0101099.

[29] S. Nojiri, S.D. Odintsov and S. Zerbini, Phys. Rev. D 62 (2000) 64006;

S. Nojiri and S.D. Odintsov, Brane world inflation induced by quantum effects, Phys. Lett. B 484 (2000) 119 [hep-th/0004097].

[30] M. Fukuma, S. Matsuura and T. Sakai, A note on the weyl anomaly in the holographic renormalization group, Prog. Theor. Phys. 104 (2000) 1089 [hep-th/0007062].

[31] S. Nojiri and S.D. Odintsov, Conformal anomaly for dilaton coupled theories from AdS/CFT correspondence, Phys. Lett. B 444 (1998) 92 [hep-th/9810008]; S. Nojiri, S.D. Odintsov, S. Ogushi, A. Sugamoto and M. Yamamoto, Axion-dilatonic conformal anomaly from AdS/CFT correspondence, Phys. Lett. B 465 (1999) 128 [hep-th/9908066].

– 9 –