arXiv:hep-th/0007205 v3 24 Aug 2000

NDA-FP-78 July 2000

Can We Live on the Brane in Schwarzschild-anti de Sitter Black Hole?

Shin’ichi NOJIRI^1 and Sergei D. ODINTSOV^{♠2},

Department of Applied Physics National Defence Academy, Hashirimizu Yokosuka 239, JAPAN

♠ Tomsk State Pedagogical University 634041 Tomsk, RUSSIA and Instituto de Fisica de la Universidad de Guanajuato Apdo.Postal E-143, 37150 Leon, Gto., MEXICO

ABSTRACT

The model of d5 higher derivative (HD) gravity admitting Schwarzschild- -anti de Sitter Black Hole (S-AdS BH) as exact solution is considered. The surface counterterms are added to the complete action, they are fixed by the condition of finiteness of bulk AdS spacetime when brane goes to infinity. As a result the brane (observable Universe) is defined dynamically in terms of d5 theory parameters (brane tension is fixed). Brane radius is always bigger than horizon radius and the 4d Universe itself could be static or inflationary. Natural ganeralization of this model gives warped compactification (with dynamically generated brane) in the next-to-leading order of AdS/CFT correspondence.

1email: nojiri@cc.nda.ac.jp 2 email: odintsov@ifug5.ugto.mx, odintsov@mail.tomsknet.ru

Some years ago, in the remarkable paper [1] (see also related idea in ref.[2]) the following question has been addressed: Do we live on the domain wall in the multidimensional Universe? The title of the paper [1] almost literally coincides with this question. Recently, we understood that coupling of multidimensional gravity with brane where observer lives may occur in such a way that gravity on the brane is trapped [3]. As a result the explosion of the interest in brane-world cosmology [4, 5], brane-world black holes [6] and its possible manifestations [7] took place. Moreover, it has been realized that there are deep connections between brane-world scenarios and AdS/CFT correspondence [9] in string theory (see books [11, 12] for a review) where warped compactification naturally introduces brane-world set-up. In such situation it is really interesting from various points of view to address the questions: Do we live on the brane? and What is the bulk? Clearly this goes as the development of idea of ref.[1].

In the present Letter in frames of the model of higher derivative (HD) gravity we are trying to construct d5 S-AdS BH where four-dimensional brane (observable Universe) is realized dynamically. d4 brane Universe could be the static one or inflationary Universe. Brane radius defined dynamically is always bigger than horizon radius what indicates that observer lives outside the horizon. Before the explanation of details of our model the important remark is in order. In the most standard brane-world scenarios [3, 4, 5] bulk (Einstein) gravity contains bulk cosmological constant as free parameter and couples with the brane. Adding Gibbons-Hawking boundary term [14] which makes the variational procedure to be well-defined and brane cosmological constant term (brane tension) one is left with second free parameter, i.e. brane tension. Playing with these two parameters one can construct various brane-world configurations already in Einstein gravity.

Our approach lies on the different line [13] which is more suitable in terms of AdS/CFT correspondence. Namely, one considers the addition of surface counterterms (instead of addition of free tension brane) to complete action. Then, brane tension is not free parameter anymore (as well as other surface counterterms parameters), they are fixed by the condition of finiteness of bulk spacetime when brane goes to infinity. Clearly, in such approach the braneworld scenarios are much more restrictive. Nevertheless, as we will see the theory parameters like coefficients of HD terms may help in the construction of interesting brane-worlds where brane is defined dynamically. That is the reason why we consider HD gravity where one has additional parameters of theory (the coefficients of HD terms in 5d action). Moreover, as we explain at the end such d5 S-AdS BH in HD gravity has natural extension as warped compactification in next-to-leading order of AdS/CFT correspondence.

The general action of d + 1-dimensional R^2 gravity is given by: S = ∫ d^{d+1}x √ −Ĝ { aR̂^2 + bR̂_{μν}R̂^{μν} + cR̂_{μνξσ}R̂^{μνξσ} + 1 κ^2 R̂ − Λ } . (1)

It is well-known that such theory is multiplicatively renormalizable [8] and asymptotically free (see book [10] for a review) in four dimensions. The following conventions of curvatures are used R = g^{μν} R_{μν} R_{μν} = −Γ^λ_{μλ,κ} + Γ^λ_{μκ,λ} − Γ^η_{μλ}Γ^λ_{κη} + Γ^η_{μκ}Γ^λ_η Γ^η_{μλ} = 1 2 g^{ην} (g_{μν,λ} + g_{λν,μ} − g_{μλ,ν} ) . (2) When a = b = c = 0, the action (1) becomes that of the Einstein gravity. When c = 0^3, Schwarzschild-anti de Sitter space is an exact solution:

ds^2 = −e^{2ρ0} dt^2 + e^{−2ρ0} dr^2 + r^2 d−1∑ i,j g_{ij} dx^idx^j , e^{2ρ0} = 1 r^{d−2} ( −μ + kr^{d−2} d − 2 + r^d l^2 ) . (3)

Here μ is the parameter corresponding to mass and the scale parameter l is given by solving the following equation: 0 = d^2(d + 1)(d − 3)a

l^4 + d^2(d − 3)b l^4 − d(d − 1) κ^2l^2

− Λ . (4)

We also assume g_{ij} expresses the Einstein manifold, defined by r_{ij} = kg_{ij} , where r_{ij} is the Ricci tensor defined by g_{ij} and k is the constant. For example, if k > 0 the boundary can be 4 dimensional de Sitter space (sphere when Wick-rotated), if k < 0, anti-de Sitter space or hyperboloid, or if k = 0,

3For non-zero c such S-AdS BH solution may be constructed perturbatively[18]. It is useful to establish the higher-derivative AdS/CFT correspondence[18] and find the strong coupling limit of super Yang-Mills theory with two supersymmetries in next-to-leading order.

flat space. In the following, we Wick-rotate the time coordinate by replacing t → it. Then in order to avoid the conical singularity in the Wick-rotated spacetime, the time coordinate t should have a period^1_T , which is given for d = 4 by T = √_{k2} 4 +^{4μ}_{L2} 2π √ −^k_2 + √_{k2} 4 +^{4μ}_{L2}

. (5)

Here T is the Hawking temperature.

One suppose that there is a boundary at r = r_0, where brane lies. Then we need to add boundary term, especially 4 dimensional cosmological term in order to get brane-world Universe, i.e. RS scenario for 4d gravity [3]. Such surface term also makes the variational principle to be well-defined and complete AdS space to be finite when brane goes to infinity. We assume the surface terms in the following form [17]:

S_b = S^{(1)}_b + S^{(2)}_b

S^{(1)}_b = ∫ d^dx √ ĝ [ 4ãR̂D_μn^μ + 2b̃_1n_μn_νR̂^{μν} D_σ n^σ + 2b̃_2R̂_{μν} D^μn^ν + 2 κ̃^2 D_μn^μ ]

S^{(2)}_b = −η ∫ d^4x √ ĝ . (6)

Here n^μ is the unit vector normal to the boundary. One can choose b̃_1 = b̃_2 but as we will see later, it is convienient to treat them as independent parameters when one considers the black hole background.

We now choose the background as

ds^2 = e^{2ρ}dt^2 + e^{−2ρ}dr^2 + r^2 d−1∑ i,j g_{ij} dx^idx^j , (7) and we assume g_{ij} is the metric of Einstein manifold, which is defined by r_{ij} = kg_{ij} , where r_{ij} is the Ricci tensor and k is a constant. For example, 3 dimensional sphere corresponds to positive k and hyperboloid to negative k. Here ρ is treated as a dynamical variable, which can be determined as ρ = ρ_0 in (3) by solving the equations of motion. Then the curvatures, normal vector n^μ and its covariant derivatives are given by R_{tt} = − ( ρ^{′′} + 2 (ρ^′)^2 + (d − 1)ρ^′ r ) e^{4ρ}

R_{rr} = −ρ^{′′} − 2 (ρ^′)^2 − (d − 1)ρ^′ r R_{ij} = { (−2rρ^′ − d + 2) e^{2ρ} + k } g_{ij} 0 = other Ricci tensors (8) R = ( −2ρ^{′′} − 4 (ρ^′)^2 − 4(d − 1)ρ^′ r − (d − 2)(d − 1) r^2 ) e^{2ρ} + (d − 1)k r^2 (9) n^r = e^ρ , other components = 0

D_rn^r = 0 , D_tn^t = e^ρρ^′ , D_in^j = e^ρ r δ^i_j D_μn^μ = e^ρρ^′ +

(d − 1)e^ρ r other covariant derivatives = 0 . (10)

The variations of the action (1) on the boundary, which lies at r = r_0, and of (6) have the following forms δS|_{r=r0} = ∫ d^4xr^{d−1}_0 e^{2ρ} × [ 2a { −2δρ^′ + δρ ( −8ρ^′ − 4(d − 1) r_0 )}

× {( −2ρ^{′′} − 4 (ρ^′)^2 − 4(d − 1)ρ^′ r_0 − (d − 2)(d − 1) r^2_0 ) e^{2ρ} + (d − 1)k r^2_0 }

+4b {{ δρ^′ + ( 4ρ^′ + d − 1 r_0 ) δρ } ( ρ^{′′} + 2 (ρ^′)^2 + (d − 1)ρ^′ r_0 ) e^{2ρ} −4(d − 1)r^{−3}_0 δρ { (−2rρ^′ − d + 2) e^{2ρ} + k }}

+ 1 κ^2 { −2δρ^′ + δρ ( −8ρ^′ − 4(d − 1) r_0 )}] (11) δS_b = ∫ d^4xr^{d−1}_0 e^ρ

× [ e^{3ρ}δρ^{′′} { ( −8ã − 2b̃_1 ) ( ρ^′ + d − 1 r_0 ) − 2b̃_2ρ^′ }

+δρ^′ { ã {( −32ρ^′ − 16(d − 1) r_0 ) ( ρ^′ + d − 1 r_0 ) e^{3ρ} +4 (( −2ρ^{′′} − 4 (ρ^′)^2 − 4(d − 1)ρ^′ r_0 − (d − 2)(d − 1) r^2_0 ) e^{2ρ} + (d − 1)k r^2_0 ) e^ρ }

+b̃_1 {( −8ρ^′ − 2(d − 1)

r_0 ) ( ρ^′ + d − 1 r_0 ) e^{3ρ} +2 ( −ρ^{′′} − 2 (ρ^′)^2 − (d − 1)ρ^′ r_0 ) e^{3ρ} }

+b̃_2 { 2 ( −ρ^{′′} − 2 (ρ^′)^2 − (d − 1)ρ^′ r_0 ) e^{3ρ}

−8 (ρ^′)^2 e^{3ρ} −

2(d − 1)

r_0 ρ^′e^{3ρ} −

4(d − 1) r^2_0 e^{3ρ} } + 2e^ρ κ̃^2 }

+δρ { 4ã { 4e^{3ρ} ( −2ρ^{′′} − 4 (ρ^′)^2 − 4(d − 1)ρ^′ r_0 − (d − 2)(d − 1) r^2_0 ) ( ρ^′ + d − 1 r_0 ) + 2e^ρ(d − 1)k r^2_0 ( ρ^′ + d − 1 r_0 )}

+8b̃_1 ( −ρ^{′′} − 2 (ρ^′)^2 − (d − 1)ρ^′ r_0 ) ( ρ^′ + d − 1 r_0 ) e^{3ρ}

+2b̃_2 { 4ρ^′ ( −ρ^{′′} − 2 (ρ^′)^2 − (d − 1)ρ^′ r_0 ) e^{3ρ} + 4(d − 1)

r^3_0

(−2rρ^′ − d + 2) e^{3ρ} + 2k(d − 1) r^3 } + 4e^ρ κ̃^2 ( ρ^′ + d − 1 r_0 ) − η }] . (12)

In order that the variational principle is well-defined, the coefficients of δρ^{′′} and δρ^′ must vanish. From the coeficient of δρ^{′′}, one gets

b̃_1 = −4ã , b̃_2 = 0 . (13)

Then substituting the black hole solution (3) into (11) and (12), one finds δS + δS_b = ∫ d^dxr^{d−1}_0 e^{2ρ} [ δρ^′ {( 8d(d + 1)a l^2 + 4db l^2 − 2 κ^2 − 4d(d − 1)ã l^2 + 2 κ̃^2 ) − 4(d − 1) ( de^{2ρ} r^2_0 + k r^2_0 + d L^2 ) ã }

+δρ { 2 ( −8ρ^′ − 4(d − 1) r_0 ) ( − d(d + 1) l^2 ) a + ( 4 ( 4ρ^′ + d − 1 r_0 ) d l^2 + 4d(d − 1) l^2r_0 ) b + 1 κ^2 ( −8ρ^′ − 4(d − 1) r_0 )

+8(d − 1) ( − k r^2_0 − 2d l^2 ) ( ρ^′ + d − 1 r_0 ) ã + 4 κ̃^2 ( ρ^′ + d − 1 r_0 ) − ηe^{−ρ} }] . (14)

Then from the condition that the coefficient of δρ^′ vanishes, one obtains

ã = 0 , 0 =

8d(d + 1)a l^2 + 4db l^2 − 2 κ^2 + 2 κ̃^2

, (15)

which tells all the higher derivative terms in (6) should vanish. On the other hand, from the coefficient of δρ, one has the equation of the motion on the boundary (here we put ã = 0): 0 = ( 16d(d + 1)a l^2 + 16db l^2 − 8 κ^2 + 4 κ̃^2 ) ρ^′ + ( 8(d − 1)d(d + 1)a l^2 + 8d(d − 1)b l^2 − 8(d − 1) κ^2 + 4(d − 1)

κ̃^2 ) 1 r_0 −ηe^{−ρ} . (16) The parameter η (brane tension) which is usually free parameter in braneworld cosmology is not free anymore and can be determined by the condition that the leading divergence should vanish when one substitutes the classical solution (3) into the action (1) with c = 0 and into (6) with ã = b̃_{1,2} = 0: S = ∫ d^4xr^d_0 1 d { d^2(d + 1)^2a l^4 + d^2(d + 1)b l^4 − d(d + 1) κ^2l^2 − Λ } + O ( r^{d−1}_0 )

S_b = ∫ d^4xr^d_0 { + 2d l^2κ̃^2 − η l } + O ( r^{d−1}_0 ) . (17)

Here (13) is used. Then one gets η l = d(d + 1)^2a l^4 + d(d + 1)b l^4 − d + 1 κ^2l^2 − Λ d + 2d l^2κ̃^2

(18)

or deleting Λ by using (4) η l = 4d(d + 1)a l^4 + 4db l^4 − 2 κ^2l^2 + 2d l^2κ̃^2

. (19)

We now consider the case of d = 4. Then deleting κ̃ and η in (16), using (15) and (19), we obtain 0 = ( 60b l^2 − 4 κ^2 ) ρ^′ + ( − 480a l^2 − 12 κ^2 ) 1 r_0 − ( − 560a l^4 − 32b l^4 + 6 κ^2l^2 ) le^{−ρ} . (20)

Before substituting the explicit solution for ρ in (3), we rewrite e^{2ρ} in the following form:

e^{2ρ} =

(r^2 − r^2_h) (r^2 + r^2_b ) r^2l^2

r^2_h = l^2 2 − k 2 + √ k^2 4 + 4μ l^2

, r^2_b = l^2 2 k 2 + √ k^2 4 + 4μ l^2 . (21) Here r_h corresponds to the radius of the horizon. Then one can rewrite (20) as follows: 0 = ( 60b l^2 − 4 κ^2 ) ( − 1 r_0 + r_0 r^2_0 − r^2_h + r_0 r^2_0 + r^2_b ) + ( − 480a l^2 − 12 κ^2 ) 1 r_0 − ( − 560a l^4 − 32b l^4 + 6 κ^2l^2 ) r_0l^2 √ (r^2_0 − r^2_h) (r^2_0 + r^2_b )

. (22)

This equation determines r_0, that is, where the brane lies. When r_0 is large, the r.h.s. in (22) behaves as r.h.s. ∼ 1 r^2 ( 80a l^2 + 92b l^2 − 22 κ^2 ) . (23) and near the horizon (r_0 ∼ r_h), the r.h.s. in (22) behaves as r.h.s. ∼ r_0 r^2_0 − r^2_h ( 60b l^2 − 4 κ^2 ) . (24)

Therefore if ( 80a l^2 + 92b l^2 − 22 κ^2 ) ( 60b l^2 − 4 κ^2 ) < 0 , (25)

there is always a solution r_0, which satisfies (22). Even if Eq.(25) is not satisfied, there can be solutions in general. For example, if a = −^{2b}_{25} and 1 κ2 = −^{16b}_{5l2} , we obtain from (22) 0 = 60b l^2 ( − 1 r_0 + r_0 r^2_0 − r^2_h + r_0 r^2_0 + r^2_b ) − 16b l^4 r_0l^2 √ (r^2_0 − r^2_h) (r^2_0 + r^2_b )

. (26)

If we further consider the case where k → 0 or μ → +∞, we have r^2_h ∼ r^2_b ∼ lμ^12 . Then Eq.(26) reduces to 15 ( r^4_0 + l^2μ ) = 4r^2_0 √ r^4_0 + l^2μ , (27)

whose solutions are given by

r^4_0 = 225 209 l^2μ or l^2μ . (28)

Since Eq.(26) contains √ r^2_0 − r^2_h, r_0 should be larger than r_h. In the second solution in (28), the brane approaches to the horizon. Nevertheless, this indicates that brane observer lives outside of horizon of multidimensional AdS BH.

For the Einstein gravity case, where a = b = ã = 0, the condition (25) cannot be satisfied. Here, Eq.(25) has the following form:

0 = − 4 κ^2 ( 2 r_0 + r_0 r^2_0 − r^2_h + r_0 r^2_0 + r^2_b )

− 12 κ^2r_0 + 2 κ^2l^2 r_0l^2 √ (r^2 − r^2_h) (r^2_0 + r^2_b )

. (29)

Since r.h.s. in (29) is always negative, there is no solution r_0 which satisfies (29) for the Einstein gravity. However, modifications of approach (for example, adding the arbitrary tension brane) may help in construction of such d5 BH even in the Einstein gravity. Of course, in this case the radius of brane is not defined dynamically.

In general, one can get a solution without including the quantum effects from the matter fields on the brane [13]^4. The brane has the topology of S_1×M_3, where S_1 corresponds to the Wick-rotated time and M_3 is the 3 dimensional Einstein manifold. Then, the proposal could be that for observer living on the brane the whole Universe evolution occurs within less than one time period. Then, such ”long-living” observer can realise that he lives outside of multidimensional BH horizon only by some clever but indirect experiment.

If we Wick re-rotate the time coordinate, we obtain the brane universe, whose topology is given by R_1×M_3, where R_1 corresponds to the time coordinate. Then the obtained universe is static. In the case k > 0, however, one has another way of the Wick re-rotation. When k > 0, one can choose M_3 as 3 dimensional unit sphere S_3, whose metric is given by

ds^2_{S3} = dθ^2 + sin^2 θdΩ^2 . (30)

Here dΩ^2 corresponds to the metric of 2 dimensional unit sphere. If we change the variable by sin θ = 1 cosh σ

, (31)

the metric in (30) can be rewitten as

ds^2_{S3} = 1 cosh^2 σ ( dσ^2 + dΩ^2 ) . (32)

Then if one Wick re-rotate σ by σ → −iσ, S_3 becomes 3 dimensional de Sitter space. Then we obtain the brane universe, whose topology is S_1×(3d de Sitter space). It corresponds the inflationary universe, whose rate of the expansion is given by^1_{r0} . Thus, we presented example of d5 S-AdS BH where 4d observable Universe may be dynamically realized outside of horizon as brane. Of course, the details of such scenario should be investigated but

4It could be really interesting to estimate the role of such quantum effects,especially in the study of Hawking radiation and related issues

as it looks we got preliminary positive answer to the question addressed in the title.

It is interesting that the string theory dual to N = 2 superconformal field theory is presumably IIB string on AdS_5 × X_5 [15] where X_5 = S^5/Z_2. (The N = 2 Sp(N) theory arises as the low-energy theory on the world volume on N D3-branes sitting inside 8 D7-branes at an O7-brane). Then in the absence of Weyl term,^1_{κ2} and Λ are given by 1 κ^2 = N^2 4π^2

, Λ = −

12N^2 4π^2

. (33)

This defines the bulk gravitational theory dual to super YM theory with two supersymmetries. The Riemann curvature squared term in the above bulk action may be deduced from heterotic string via heterotic-type I duality [16], which gives O(N) correction:

a = b = 0 , c = 6N 24 · 16π^2

. (34)

Hence, HD gravity with above coefficients defines SG dual of super Yang-Mills theory (with two supersymmetries) in next-to-leading order of AdS/CFT correspondence [9]. Note that in such version of d5 HD gravity S-AdS BH solution may be constructed only perturbatively [18].Nevertheless, it is very interesting to extend results of this work for such model with c ≠ 0 because it has natural stringy basis as warped compactification (with dynamical brane) in next-to-leading order of AdS/CFT correspondence. This will be presented elsewhere.

Acknoweledgements. The work by SDO has been supported in part by CONACyT(CP, ref.990356 and grant 28454E).

References

[1] V.A. Rubakov and M.E. Shaposhnikov, Phys.Lett. B125 (1983) 139.

[2] K. Akama, “Pregeometry”, in Lecture Note in Physics, 176, Gauge Theory and Gravitatio, Proceedings, Nara, 1982, edited by K. Kikkawa, N. Nakanishi and H. Nariai, (Springer-Verlag) p.267, hep-th/0001113.

[3] L. Randall and R. Sundrum, hep-th/9905221, Phys.Rev.Lett. 83 (1999) 3370; hep-th/9906064, Phys.Rev.Lett. 83 (1999)4690.

[4] A. Chamblin and H.S. Reall, hep-th/9903225, Nucl.Phys. B562 (1999) 133; N. Kaloper, hep-th/9905210, Phys.Rev. D60 (1999) 123506; A. Lukas, B. Ovrut and D. Waldram, hep-th/9902071, Phys.Rev. D61 (2000) 064003; T. Nihei, hep-th/9905487, Phys.Lett. B465 (1999) 81; H. Kim and H. Kim, hep-th/9909053, Phys.Rev. D61 (2000) 064003; D. Chung and K. Freese, Phys.Rev. D61 (2000) 023511; J. Garriga and M. Sasaki, hep-th/9912118; K. Koyama and J. Soda, hep-th/9912118; J. Kim and B. Kyae, hep-th/0005139, Phys.Lett. B486 (2000) 165.

[5] P. Binetruy, C. Deffayet and D. Langlois, hep-th/9905012, Nucl.Phys.

B565 (2000) 269; J. Cline, C. Grojean and G. Servant, Phys.Rev.Lett. 83 (1999) 4245; W. Goldberger and M. Wise, Phys.Rev.Lett. 83 (1999) 4922; S. Giddings, E. Katz and L. Randall, JHEP 0003 (2000) 023; E. Flanagan, S. Tye and I. Wasserman, hep-ph/9909373; C. Csaki, M. Graesser, C. Kolda and J. Terning, Phys.Lett. B462 (1999) 34; P. Kanti, I. Kogan, K. Olive and M. Pospelov, Phys.Lett. B468 (1999) 31; S.Mukohyama, T. Shiromizu and K. Maeda, hep-th/9912287, Phys.Rev. D62 (2000) 024028; K. Behrndt and M. Cvetic, hep-th/9909058; M. Cvetic and J. Wang, hep-th/9912187; R. Kallosh and A. Linde, JHEP 0002 (2000) 005; D. Youm, hep-th/0002147; J. Chen, M. Luty and E. Ponton, hep-th/0003067; S. de Alwis, A. Flournoy and N. Irges, hepth/0004125; S. Nojiri, O. Obregon and S.D. Odintsov, hep-th/0005127, Phys.Rev. D, to appear; C. Zhu, hep-th/0005230, JHEP 0006 (2000) 034; Z.Kakushadze, hep-th/0005217; P. Binetruy, J.M. Cline and C. Crojean, hep-th/0007029.

[6] A. Chamblin, S.W. Hawking and H.S. Reall, hep-th/9909205; R. Emparan, G.T. Horowitz and R.C. Myers, hep-th/9911043; Y.S. Myung and H.W. Lee, hep-th/0001211; S. Nojiri, O. Obregon, S.D. Odintsov and S. Ogushi, hep-th/0003148, Phys.Rev. D, to appear; W.T. Kim, J.J. Oh, M.K. Oh and M.S. Yoon, hep-th/0006134.

[7] H. Davouddiasl, J. Hewett and T. Rizzo, hep-ph/0006041.

[8] K. Stelle, Phys.Rev. D16 (1977) 953.

[9] J.M. Maldacena, Adv.Theor.Math.Phys. 2 (1998) 231; E. Witten, Adv.Theor.Math.Phys. 2 (1998) 253; S. Gubser, I. Klebanov and A. Polyakov, Phys.Lett. B428 (1998) 105.

[10] I.L. Buchbinder, S.D. Odintsov and I.L. Shapiro, EFFECTIVE AC- TION IN QUANTUM GRAVITY, IOP publishing, Bristol and Philadelphia, 1992.

[11] M.B. Green, J.H. Schwarz and E. Witten, SUPERSTRING THEORY, CUP,1986.

[12] J. Polchinski, STRING THEORY, CUP, 1998.

[13] S. Nojiri, S.D. Odintsov and S. Zerbini, hep-th/0001192, Phys.Rev. D, to appear; S.W. Hawking, T. Hertog and H.S. Reall, hep-th/0003052, Phys.Rev. D62 (2000) 043501; S. Nojiri and S.D. Odintsov, hepth/0004097, Phys.Lett. B484 (2000) 119; L. Anchordoqui, C. Nunez and K. Olsen, hep-th/0007064.

[14] G.W. Gibbons and S.W. Hawking, Phys.Rev. D15 (1977) 2752.

[15] A. Fayyazuddin and M. Spalinski, Nucl.Phys. B535 (1998) 219, hepth/9805096; O. Aharony, A. Fayyazuddin and J.M. Maldacena, JHEP 9807 (1998) 013, hep-th/9806159.

[16] A.A. Tseytlin, Nucl.Phys. B467 (1996) 383.

[17] S. Nojiri and S.D. Odintsov, hep-th/9911152, Phys.Rev. D62 (2000) 064018.

[18] S. Nojiri and S.D. Odintsov, hep-th/9908065, Phys.Lett. B471 (1999) 155.