arXiv:1102.0082v2 [hep-th] 21 Sep 2011

Correspondence between the contracted BTZ solution of cosmological topological massive gravity and two-dimensional Galilean conformal algebra

M. R Setare^1 V. Kamali^2 Department of Science, Payame Noor University, Bijar, Iran

Abstract

We show that BTZ black hole solution of Cosmological Topological Massive Gravity (CTMG) have a hidden conformal symmetry. In this regard, we consider the wave equation of a massless scalar field propagating in BTZ spacetime and find the wave equation could be written in terms of the SL(2, R) quadratic Casimir. From the conformal coordinates, the temperatures of the dual CFTs could be read directly. Moreover, we compute the microscopic entropy of the dual CFT by Cardy formula and find a perfect match to Bekenstein-Hawking entropy of BTZ black hole. Then we consider Glilean conformal algebras (GCA), which arises as a contraction of relativistic conformal algebras (x → ϵx, t → t, ϵ → 0). We show that there is a correspondence between GCA_2 on the boundary and contracted BTZ in the bulk. For this purpose we obtain the central charges and temperatures of GCA_2. Then we compute the microscopic entropy of the GCA_2 by Cardy formula and find a perfect match to Bekenstein-Hawking entropy of BTZ black hole in non-relativistic limit. The absorption cross section of a near region scalar field also matches to microscopic absorption cross section of the dual GCA_2. So we find further evidence that show correspondence between contracted BTZ black hole and 2-dimensional Galilean conformal algebra.

1rezakord@ipm.ir 2vkamali1362@gmail.com

1 Introduction

Recently, there has been some interest in extending the AdS/CFT correspondence to non-relativistic field theories [1], [2]. The Kaluza-Klein type framework for non-relativistic symmetries, used in Refs. [1], [2], is basically identical to the one introduced in [3] (see also [4]). The study of a different non-relativistic limit was initiated in [5], where the non-relativistic conformal symmetry obtained by a parametric contraction of the relativistic conformal group. Galilean conformal algebra (GCA) arises as a contraction relativistic conformal algebras [5], [6], where in 3 + 1 space-time dimensions the Galilean conformal group is a fifteen parameter group which contains the ten parameter Galilean subgroup. Infinite dimensional Galilean conformal group has been reported in [6], the generators of this group are : L^n = −(n + 1)t^nx_i∂_i − t^{n+1}∂_t, M^n_i = t^{n+1}∂_i and J^n_{ij} = −t^n(x_i∂_j − x_j∂_i) for an arbitrary integer n, where i and j are specified by the spatial directions. There is a finite dimensional subgroup of the infinite dimensional Galilean conformal group which generated by (J^0_{ij} , L^{±1}, L^0, M^{±1}_i , M^0_i ). These generators are obtained by contraction ( t → t, x_i → ϵx_i, ϵ → 0, v_i ∼ ϵ ) of the relativistic conformal generators. Recently the authors of [7] (see also [8]) have shown that the GCA_2 is the asymptotic symmetry of CTMG in the non-relativistic limit. They have obtained the central charges of GCA_2, and also a non-relativistic generalization of Cardy formula. In the present paper we obtain similar result by another method. But our aim in this paper is more than this. We show that the BTZ black hole solution of CTMG have a hidden conformal symmetry, not only in the relativistic case, but also in the non-relativistic case. We show that for massless scalar field, in nonrelativistic CTMG there exist a finite Galilean conformal symmetry acting on the solution space. According to our knowledge this is the first paper that study the hidden conformal symmetry for a black hole in the non-relativistic case.

Recent investigation on the holographic dual descriptions for the black holes have achieved substantial success. According to the Kerr/CFT correspondence [9], the microscopic entropy of four-dimensional extremal Kerr black hole was calculated by studying the dual chiral conformal field theory associated with the diffeomorphisms of near horizon geometry of Kerr black hole. Subsequently, this work was extended to the case of near-extreme black holes [10]. The main progress are made essentially on the extremal and near extremal limits in which the black hole near horizon geometries consist a certain AdS structure and the central charges of dual CFT can be obtained by analyzing the asymptotic symmetry following the method in [11] or by calculating the boundary stress tensor of the 2D effective action [12]. Recently, Castro, Maloney and Strominger [13] have given evidence that the physics of Kerr black holes might be captured by a conformal field theory. The authors have discussed that the existence of conformal invariance in a near horizon geometry is not necessary condition, instead the existence of a local conformal invariance in the solution space of the wave equation for the propagating field is sufficient to ensure a dual CFT description(see also [14]). The scalar Laplacian in the low frequency limit could be written as the SL(2, R) quadratic Casimir, showing a hidden SL(2, R) × SL(2, R) symmetries. In the microscopic description, using the Cardy formula for the microscopic degeneracy, they reobtain the Bekenestein-Hawking entropy of the black hole.

In the present paper we investigate the massless scalar wave equation in the background of BTZ black hole solution of CTMG and show the wave equation can be written in terms of SL(2, R) Casimir invariants. From the conformal coordinates introduced in [9], we read the temperature of the dual CFT. The microscopic counting support this holographic picture. Then we consider the non-relativistic limit of both side of this correspondence, i.e, the non-relativistic limit of 2D CFT which give us GCA_2 from one side, and non-relativistic limit of CTMG which give us contracted BTZ from another side. For this purpose we obtain the central charges and temperatures of GCA_2. Then we showe that the radial part of Klein-Gordon (KG) equation in the background of contracted BTZ black hole, where (j → ϵj, φ → ϵφ), can be given by the non-realtivistic limit of quadratic Casimir of SL(2, R). We could read the GCA_2 temperatures from the correspondence of radial part of non-relativistic KG equation and Casimir of GCA_2. Then we compute the microscopic entropy of the GCA_2 by Cardy formula and find a perfect match to Bekenstein-Hawking entropy of contracted BTZ black hole. After that in section 4, we compute the absorption cross section of a near region scalar field and find perfect match to the microscopic cross section in dual GCA_2. These results supports the idea of a correspondence between contracted BTZ black hole and dual Galilean conformal algebra in 2−dimension.

2 Massless Scalar field in the background of CTMG

In this section we introduced the idea of the hidden conformal symmetry into the CTMG, and obtain the Virasoro algebras as a local symmetry of massless scalar fields propagating in the BTZ black hole background. The existence of the 2-dim CFT behind the asymptotically AdS_3 spacetime, including the BTZ black hole solutions, was already pointed out by using the Brown- Henneaux’s method, see [11] for the case without the gravitational Chern- Simons term, and [15] for the case with the Chern- Simons term. We show that for massless scalar field Φ propagating in the background of cosmological topological massive gravity (CTMG), there exist a SL(2, R)_L × SL(2, R)_R conformal symmetry acting on the solution space. The BTZ space-time is given by the line element [7]

ds^2 = (−f(r) +

16G^2j^2 r^2

)dt^2 + dr^2 f(r) + r^2dφ^2 + 8Gjdtdφ (1)

where

f(r) = ( r^2 l^2 − 8GM + 16G^2j^2

r^2

) (2)

which is solution of the Einstein equation. The event horizons of the spacetime are given by the singularities of the metric function which are the real roots of r^2f(r) = 0. In the above metric G, j, M and −^2_{l2} are gravitational constant, rotational parameter, mass of black hole and cosmological constant respectively. But their definitions in CTMG are

M = m + 1 μ j l^2

J = j + 1 μ m (3)

where^1_μ is coupling constant of gravitational Chern-Simons term. Now we consider a bulk massless scalar field Φ propagating in the background of (1). The Klein- Gordon(KG) equation

□Φ = 1 √ −g ∂_μ( √ −gg^{μν} ∂_ν )Φ = 0 (4)

can be simplified by assuming the following from of the scalar field Φ(t, r, θ, φ) = exp(−imφ + iωt)S(θ)R(r) (5) and for l = 1 is reduced to the following equation

[∂_u(Δ∂_u) + 1 4 [ (ωr_+ − mr_−)^2 (u − u_+)(u_+ − u_−) − (ωr_− − mr_+)^2 (u − u_−)(u_+ − u_−)

]]R(u) = 0 (6)

where Δ = uf(u) u = r^2 u_± = r^2_± (7) and r_± = √ 2G(m + j) ± √ 2G(m − j) (8)

We can show that this equation can be reproduced by the introduction of conformal coordinates. We introduce the conformal coordinates [9].

ω^+ = √ u − u_+ u − u_− exp(2πT_Rφ + 2n_Rt) (9)

ω^− = √ u − u_+ u − u_− exp(2πT_Lφ + 2n_Lt) (10)

y = √ u_+ − u_− u − u_− exp(π(T_R + T_L)φ + (n_R + n_l)t) (11)

We define left and right moving vectors by

H_1 = ∂_+ (12)

H_0 = (ω^+∂_+ + 1 2 y∂_y), (13)

H_{−1} = ((ω^+)^2∂_+ + ω^+y∂_y − y^2∂_−) (14)

H_1 = ∂_− (15)

H_0 = (ω^−∂_− + 1 2 y∂_y) (16)

H_{−1} = ((ω^−)^2∂_− + ω^−y∂_y − y^2∂_+) (17)

which each satisfy the SL(2, R) algebra

[H_0, H_{±1}] = ∓H_{±1}, [H_{−1}, H_1] = −2H_0 (18) and [H_0, H_{±1}] = ∓H_{±1}, [H_{−1}, H_1] = −2H_0 (19)

The quadratic Casimir is

H^2 = ~H^2 = −H^2_0 + 1 2 (H_1H_{−1} + H_{−1}H_1) = 1 4 (y^2∂^2_y − y∂_y) + y^2∂_+∂_− (20)

The crucial observation is that these Casimir, when written in terms of φ , t, u H^2 = ∂_u(Δ∂_u) − u_+ − u_− u − u_+ ( T_L + T_R 4A ∂_t − n_L + n_R 4πA ∂_φ)^2 (21) + u_+ − u_− u − u_− ( T_L − T_R 4A ∂_t − n_L − n_R 4πA ∂_φ)^2 A = T_Ln_R − T_Rn_L

reduces to the radial equation (6), with these identifications

T_L = r_+ + r_− 2π T_R = r_+ − r_− 2π (22)

n_L = r_+ + r_− 2 n_R = r_− − r_+ 2 The microscopic entropy of the dual CFT can be computed by the Cardy formula which matches with the black hole Bekenstein-Hawking entropy S_{CF T} = π^2 3 (c_LT_L + c_RT_R) (23)

The central charges of CTMG are

c_L = 3 2G (1 + 1 μ ) c_R = 3 2G (1 − 1 μ ) (24)

From the central charges (24) and temperature (22) we have S_{CF T} = πr_+ 2G + 1 μ πr_− 2G (25)

which agrees precisely with the gravity result. The contribution to the entropy that is due to the gravitational Chern-Simons (last term in eq.(25)) was first obtained by Solodukhin [16]. It is curiously proportional to the area of the inner horizon rather that of the outer horizon.

3 Galilean Conformal Algebra in 2-Dimension

Galilean Conformal Algebra in 2-dimensions can be obtained from contracting conformal algebra in 2-dimensions [6]. In two dimensions the non-trivial generators are given by

L_n = −(n + 1)t^nx∂_x − t^{n+1}∂_t, M_n = t^{n+1}∂_x (26)

The above generators obey the following commutation relations , where define the Galilean conformal algebras.

[L_m, L_n] = (m − n)L_{m+n} (27) [L_m, M_n] = (m − n)M_{m+n} [M_n, M_m] = 0

2d Conformal algebra at the quantum level are described by two copy of Virasoro algebra.

[L_m, L_n] = (m − n)L_{m+n} + c_R 12 m(m^2 − 1)δ_{m+n,0} (28)

[L_m, L_n] = (m − n)L_{m+n} + c_L 12 m(m^2 − 1)δ_{m+n,0} From these, one obtains centrally extended 2d GCA

[L_m, L_n] = (m − n)L_{m+n} + C_1m(m^2 − 1)δ_{m+n,0} (29) [L_m, M_n] = (m − n)M_{m+n} + C_2m(m^2 − 1)δ_{m+n,0} [M_n, M_m] = 0

GCA central charges C_1 and C_2 are defined in terms of CFT central charges [7],

C_1 = lim_{ϵ→0} c_L + c_R 12 = 1 4G C_2 = lim_{ϵ→0}(ϵ c_L − c_R 12 ) = 1 4Gμ (30)

CFT entropy (23) with the limit (ϵ → 0) is converted to Galilean conformal entropy,

S_{GCA} = lim_{ϵ→0}( π^2 3 [6C_1(T_L + T_R) + 6C_2( T_L − T_R ϵ )]) (31)

We define Galilean conformal temperatures as following

T_1 = lim_{ϵ→0} 6(T_L + T_R) T_2 = lim_{ϵ→0} 6 T_L − T_R ϵ (32)

the GCA entropy is S_{GCA} = π^2 3 (C_1T_1 + C_2T_2) (33)

To make the GCA entropy finite, T_L + T_R ∼ O(1) and T_L − T_R ∼ O(ϵ), as a result r_+ ∼ O(1) and r_− ∼ O(ϵ). These results appear in the limits of j → ϵj and m → m, that correspond with the result of [7]. Finally from Eq.(22) and above discussion we have introduced finite n_1 and n_2 (in non-relativistic limit) in terms of n_L and n_R

n_1 = n_L + n_R ϵ n_2 = n_L − n_R (34)

4 Massless Scalar field in the background of nonrelativistic CTMG

In this section, we will show that for massless scalar field Φ, in non-relativistic CTMG there exist a finite Galilean conformal symmetry acting on the solution space. We consider a bulk massless scalar field Φ propagating in the background of (1). The KG equation (6) in non-relativistic limit (j → ϵj, φ → ϵφ) reduce to

∂_u(Δ∂_u) − 1 4 [ r^{′2}_+ (u − u_+)(u − u_−)

∂^2_t (35)

−2r^′_+r^′_−( 1 (u − u_+)(u − u_−) − 1 (u − u_−)(u_+ − u_−)

)∂_t∂_φ]Φ = 0

∂^2_φΦ = 0

where r^′_+ = 2 √ 2Gm and r^′_− = √_{2G} m j. We can show that the above equation can be reproduced by the conformal coordinate (9), (10), (11) in nonrelativistic limit. H^2 is Casimir of SL(2, R)_L × SL(2, R)_R so

[H^2, H_{0±1}] = 0 [H^2, H_{0±1}] = 0 (36)

Since, 2D Galilean conformal generators are created by the mixing of 2D conformal generators in non-relativistic limit, from Eq.(36) it can be shown that Casimir of conformal group is the same Casimir of Galilean conformal group in non-relativistic limit. In another term, since

H^{′2} = lim_{ϵ→0} H^2, L_{0±1} = lim_{ϵ→0}(H_{0±1} + H_{0±1}), M_{0±1} = lim_{ϵ→0}(

H_{0±1} + H_{0±1} ϵ )(37)

we have

lim_{ϵ→0}[H^2, H_{0±1} + H_{0±1}] = 0 lim_{ϵ→0}[H^2,

H_{0±1} + H_{0±1} ϵ ] = 0 (38)

[H^{′2}, L_{0±1}] = 0 [H^{′2}, M_{0±1}] = 0.

So, the Casimir operator (21) in non-relativistic limit is Casimir of GCA (H^{′2} is non-relativistic limit of H^2). Finally Casimir operator of GCA is

H^{′2} = ∂_u(Δ∂_u) − u_+ − u_− u − u_− ( T_1 A^{′2} )^2∂^2_t (39) − 2(u_+ − u_−) πA^{′2} ( T_1n_1 u − u_+ − T_2n_2 u − u_− )∂_t∂_φ +( 1 ϵ^2 u_+ − u_− r − r_− n^2 π^2A^{′2} − u_+ − u_− r − r_+ n^2_1 π^2A^{′2}

)∂^2_φ A^′ = T_1n_2 − T_2n_1

The above equation is reduced to the radial equation (35), with these identifications.

T_1 =

6r^′_+ π T_2 = 6r^′_− π n_1 = r^′_− n_2 = r^′_+ (40)

The microscopic entropy of the dual GCA can be computed by the nonrelativistic Cardy formula (33). From the central charges (30) and temperatures (40) we have S_{GCA} = π( √ 2m G + j μ √ 1 2Gm ) = S_{BH} (41)

which agrees precisely with the gravity result, (in non-relativistic limit) presented in [7]. As we have mentioned in the introduction the authors of [7] have studied the Galilean non-relativistic limit of the dual field theory of BTZ black hole in CTMG. From the Galilean limit of Virasoro algebra and the Galilean limit of the BTZ black hole, they get the result that the entropy of the Galilean limit of BTZ black hole is consistent with the entropy calculated using Cardy formula from the Galilean limit of the Virasoro algebra. This agreement between our result and the result of [7] is interesting, and show that the non-relativistic version of the BTZ solution of CTMG really has hidden conformal symmetry in the near region of the black hole. In the next section by obtaining the absorption cross section we present final evidence of the existence of this hidden symmetry.

5 Absorption cross section

In this section, we give a brief review for scattering of the scalar field Φ which propagates in the (contracted) BTZ background [17]. We calculate the absorption cross section, from gravity side and matches the result with

2D (GCA) CFT cross section. Two-point function of conformal invariant fields is given by [10, 18]

G(t^+, t^−) ∼ (−1)^{hR+hL} ( πT_L sinh(πT_Lt^+)

)^{2hL} ( πT_R sinh(πT_Rt^−)

)^{2hR} (42)

where t^± are the coordinates of the 2D CFT and (h_R, h_L) are eigenvalues of L_0 and L_0 respectively. Absorption cross section in term of frequency and temperature, from Fermi^,s golden rule [10, 18] can be read P_{abs} ∼ ∫ dt^+dt^−e^{−iωRt−−iωLt+} [G(t^+ − iδ, t^− − iδ) − G(t^+ + iδ, t^− + iδ)](43) Using the following integral ∫ dxe^{(−iωx)}(−1)^Δ( πT sinh[πT (x ± iδ)] )^{2Δ} =

(2πT )^{2Δ−1} Γ(2Δ) e^{±ω/2T} | Γ(Δ + i ω 2πT ) |^2 (44)

the absorption cross section becomes

P_{abs} ∼ T^{2hL−1}_L T^{2hR−1}_R sinh( ω_L 2T_L + ω_R 2T_R ) | Γ(h_L + i ω_L 2πT_L ) |^2| Γ(h_R + i ω_R 2πT_L ) |^2 (45)

From above method, non-relativistic limit of absrption cross section can be computed. Non-relativistic limit of two-point function is given by

lim_{ϵ→0} G ∼ (−1)^Δ(

T_1 12 sinh(^{πT1}_{12} (t ± iδ))

)^{2Δ} exp(

2T_2 T_1 ξ) (46)

where scaling dimension Δ = h_L + h_R is eigenvalue of L_0 and rapidity ξ = lim_{ϵ→0}[ϵ(h_L − h_R)] is eigenvalue of M_0. From Eqs.( 43), (44), (46) and using this relation

lim_{x→k}(1 + f(x))^{g(x)} = lim_{x→k} exp(f(x)g(x)) (47)

where

lim_{x→k} f(x) = 0, lim_{x→k} g(x) = ∞ (48)

the cross section for 2D GCA is given by

P_{abs} ∼ exp( 2T_2 T_1 ξ)T^{2Δ−1}

1 sinh(

6ω_1 T_1

) | Γ(Δ + i

6ω_1 πT_1 ) |^2 (49) where ω_1 = ω_L + ω_R. We can study, the absorption cross section of BTZ (contracted BTZ), from gravity side, in relativistic (non-relativistic) limit. The results can be verified in agreement with the corresponding results for the operator dual to the scalar field in the 2D CFT (45) (2D GCA (49)). The radial part of KG equation

(□ − M^2)Φ = 0 (50)

for massive scalar field Φ, is given by

[∂_u(Δ∂_u) + ( A u − u_+ + B u − u_− + C)]R(u) = 0 (51)

where A = (ωr_+ − mr_−)^2 4(u_+ − u_−) B = − (ωr_− − mr_+)^2 4(u_+ − u_−) C = M^2 4 (52)

The wave function satisfying the ingoing boundary condition at the horizon is of the form

R(z) = z^α(1 − Z)^βF (a, b, c; z) (53)

where z =^{u−u+}_{u−u−} , and

α = √ A β = 1 2 (1 − √ 1 − 4C) γ = √ −B (54)

where

c = 1 − 2iα a = β + i(γ − α) b = β − i(γ + α) (55)

The asymptotic form can be read out by taking the limit z → 1 and 1 − z → u^{−1} R(u) ∼ Dr^{2h−2} + Er^{−2h} (56)

where D = Γ(c)Γ(2h − 1)

Γ(a)Γ(b) E = Γ(c)Γ(1 − 2h) Γ(c − a)Γ(c − b) (57)

and h is the conformal weight h = 1 2 (1 + √ 1 − 4C) (58)

Absorption cross section is captured by the coefficient D,

P_{abs} ∼| D |^{−2}∼ sinh(2πα) | Γ(a) |^2| Γ(b) |^2 (59)

To see explicitly that P_{abc} matches with microscopic greybody factor of the dual CFT we need to identify the conjugate charges, δE_L and δE_R defined by δS_{BH} = δS_{CF T} = δE_L T_L + δE_R T_R (60)

we have

δE_L = ω_L δE_R = ω_R (61)

where

ω_R = ω + m 2(r_+ + r_−) ω_L = ω − m 2(r_+ − r_−)

(62)

Hence, the coefficient a, b can be expressed in terms of parameters ω_L and ω_R a = h_R + i ω_R 2πT_R b = h_L + i ω_L 2πT_L (63)

where for the scalar field h_L = h_R = h. Similarly we have 2πα = ω_L 2T_L + ω_R 2T_R (64)

Finally from Eqs.(59, 63, 64), the absorption cross section can be expressed as P_{abs} ∼ T^{2hL−1}_L T^{2hR−1}_R sinh( ω_L 2T_L + ω_R 2T_R ) | Γ(h_L + i ω_L 2πT_L ) |^2| Γ(h_R + i ω_R 2πT_L ) |^2

which is the finite temperature absorption cross section for 2D CFT. In following, we consider the scattering of non-relativistic limit of BTZ, from gravity side, and matches the result with 2D GCA cross section (49). The radial part of KG equation in non-relativistic limit can be expressed in term of Eq.(51), with these identifications

A_n =

(ωr^′_+ − mr^′_−)^2 4u^′_+

B_n = − (ωϵr^′_− − mr^′_+/ϵ)^2 4u^′_+ C = M^2 4

From Eqs.(54, 55), we see that lim_{ϵ→0} a = a_n = ∞, lim_{ϵ→0} b = b_n = ∞, lim_{ϵ→0}(a + b) = finite (65) so coefficient D in non-relativistic limit is given by

D_n =

Γ(c_n)Γ(2h − 1) Γ(a_n + b_n) lim_{a→∞} Γ(a) lim_{b→∞} Γ(b) ≃ Γ(a_n + b_n) (66) Absorption cross section from gravity side in the non-relativistic limit, is captured by coefficient D_n P_{abs} ∼| D_n |^{−2}∼ sinh(2πα_n) | Γ(a_n + b_n) |^2 (67) To see explicitly that P_{abc} matches with microscopic greybody factor of the dual GCA we need to identify the conjugate charge, δE_1 defined by lim_{ϵ→0} δS_{BH} = δS_{GCA} = δE_1 T_1

(68) we have δE_1 = ω_1 = lim_{ϵ→0}(ω_L + ω_R) (69) where ω_1 = ωr^′_+ − mr^′_− 2r^′_+

(70) Hence, the coefficients a_n, b_n can be expressed in term of parameters ω_L and ω_R a_n + b_n = Δ + i

6ω_1 πT_1 (71) where for the scalar field Δ = 2h. Similarly we have 2πα_n =

6ω_1 T_1

(72) Finally from Eqs.( 67), (71), (72), the absorption cross section can be expressed as (ξ = ϵ(h_L − h_R) = 0) P_{abs} ∼ T^{2Δ−1}_1 sinh(

6ω_1 T_1

) | Γ(Δ + i

6ω_1 πT_1 ) |^2 (73) which is the absorption cross section for 2D GCA.

6 Conclusions

In this paper at first we showed that there exist a holographic 2D CFT description for BTZ black hole solution of CTMG. The key ingredient for this is the hidden conformal symmetry in the black hole. We considered the wave equation of a massless scalar field propagating in CTMG spacetime and found the wave equation could be written in terms of the SL(2, R) quadratic Casimir. We read the temperatures of the dual CFT from conformal coordinates. We recovered the macroscopic entropy from the microscopic counting. Then we extended this study to the non-relativistic limit, and showed that there exist a correspondence between GCA_2 on the boundary and contracted BTZ in the bulk. By definition Galilean conformal temperatures as equation (32), we could obtain the finite GCA_2 entropy by equation (33). After that we showed that the radial part of Klein-Gordon (KG) equation in the background of contracted BTZ black hole, where (j → ϵj, φ → ϵφ), can be given by the non-realtivistic limit of Casimir H^2. We could read the GCA_2 temperatures T_1, T_2 from the correspondence of radial part of non-relativistic KG equation and GCA Casimir H^{′2}. The temperatures T_1, T_2 given by equation (40) are exactly equal with previous formula we have obtain in (32). Then we calculated the entropy of contracted BTZ black hole by using GCA Cardy formula and non-relativistic temperatures. Finally we have shown that the absorption cross section of a near-region scalar field match precisely to that of microscopic dual GCA side.

7 Acknowledgments

We acknowledge helpful discussions with Takahiro Nishinaka, and Arjun Bagchi. Also we thank Sergey Solodukhin for suggesting former reference for Holography with Gravitational Chern-Simons term.

References

[1] D. T. Son, ”Toward an AdS/cold atoms correspondence: a geometric realization of the Schroedinger symmetry,” Phys. Rev. D 78, 046003 (2008) [arXiv:0804.3972 [hep-th]].

[2] K. Balasubramanian and J. McGreevy, Phys. Rev. Lett. 101, 061601 (2008).

[3] C. R. Hagen, Phys. Rev. D 5, 377 (1972); U. Niederer, ”The maximal kinematical invariance group of the free Schrodinger equation,” Helv. Phys. Acta 45, 802 (1972).

[4] C. Duval, G. W. Gibbons, and P. Horvathy, Phy. Rev. D43, 3907 (1991);

M. Hassaine and P. A. Horvathy, Ann. Phys. 324, 1158, (2009).

[5] J. Lukierski, P. C. Stichel and W. J. Zakrzewski, ”Exotic Galilean conformal symmetry and its dynamical realisations,” Phys. Lett. A 357, 1 (2006) [arXiv:hep-th/0511259]; J. Gomis, J. Gomis and K. Kamimura, ”Non-relativistic superstrings: A new soluble sector of AdS(5) x S**5,” JHEP 0512, 024 (2005) [arXiv:hep-th/0507036]; C. Leiva, and M. S. Plyushchay, Ann. Phys. 307, 372, (2003),[hep-th/0301244].

[6] A. Bagchi and R. Gopakumar, JHEP 0907, 037, (2009); C. Duval and P. A. Horvathy, ”Non-relativistic conformal symmetries and Newton- Cartan structures”, J. Phys. A42, 465206 (2009), [arXiv:0904.0531 [math-ph]]; A. Bagchi, R. Gopakumar, I. Mandal et al., ”GCA in 2d,” JHEP 1008, 004 (2010). [arXiv:0912.1090 [hep-th]].

[7] K. Hotta, T. Kubota and T. Nishinaka, ”Galilean Conformal Algebra in Two Dimensions and Cosmological Topologically Massive Gravity,” arXiv:1003.1203 [hep-th].

[8] A. Bagchi, ”Topologically Massive Gravity and Galilean Conformal Algebra: A Study of Correlation Functions”, [arXiv:1012.3316v1 [hep-th]]; A. Hosseiny, A. Naseh, ”On Holographic Realization of Logarithmic GCA”, [arXiv:1101.2126v2 [hep-th]].

[9] M. Guica, T. Hartman, W. Song and A. Strominger, ”The Kerr/CFT Correspondence”, arXiv: 0809.4266[hep-th].

[10] I. Bredberg, T. Hartman, W. Song and A. Strominger, ”Black Hole Superradiance From Kerr/CFT”, arXiv:0907.3477[hep-th].

[11] J. D. Brown and M. Henneaux, ”Central Charges in the Canonical Realization of Asymptotic Symmetries: An Example from Threedimensional Gravity”, Commun. Math. Phys. 104,207(1986).

[12] T. Hartman and A. Strominger. JHEP, 0904,026,(2009).

[13] A. Castro, A. Maloney and A. Strominger, arXiv:1004.0996 [hep-th].

[14] C. Krishnan, JHEP 1007, 039 (2010); Y. Q. Wang and Y. X. Liu, ”Hidden Conformal Symmetry of theKerr-Newman Black Hole,” JHEP 1008, 087 (2010) [arXiv:1004.4661 [hep-th]]. R. Li, M. F. Li and J. R. Ren, ”Entropy of Kaluza-Klein Black Hole from Kerr/CFT Correspondence,” Phys. Lett. B 691, 249 (2010) [arXiv:1004.5335 [hepth]]. D. Chen, P. Wang and H. Wu, ”Hidden conformal symmetry of rotating charged black holes,” arXiv:1005.1404 [gr-qc]. M. Becker, S. Cremonini and W. Schulgin, ”Correlation Functions and Hidden Conformal Symmetry of Kerr Black Holes,” JHEP 1009, 022 (2010) [arXiv:1005.3571 [hep-th]]. H. Wang, D. Chen, B. Mu and H. Wu, ”Hidden conformal symmetry of extreme and non-extreme Einstein-Maxwell-Dilaton- Axion black holes,” arXiv:1006.0439 [gr-qc]. Y. Matsuo, T. Tsukioka and C. M. Yoo, ”Notes on the Hidden Conformal Symmetry in the Near Horizon Geometry of the Kerr Black Hole,” arXiv:1007.3634 [hepth]. K. N. Shao and Z. Zhang, ”Hidden Conformal Symmetry of Rotating Black Hole with four Charges,” arXiv:1008.0585 [hep-th];J. R. Sun, ”Hidden Conformal Symmetry of the Reissner-Nordstrom Black Holes”,JHEP08 (2010) 034, [arXiv: 1004.3963[hep-th]];B. Chen and J. Long, ”On Holographic description of the Kerr-Newman-AdS-dS black holes”, arXiv:1006.0157v2 [hep-th]; B. Chen and J. Long, ”Real-time Correlators and Hidden Conformal Symmetry in Kerr/CFT Correspondence,” arXiv:1004.5039 [hep-th]; R. Fareghbal, ”Hidden Conformal Symmetry of Warped AdS_3 Black Holes”, Phys. Lett. B694 (2010), 138, [arXiv:1006.4034v3 [hep-th]]; M. R. Setare and V. Kamali, ”Hidden Conformal Symmetry of Rotating Black Holes in Minimal Five- Dimensional Gauged Supergravity,” Phys. Rev. D 82, 086005 (2010), arXiv:1008.1123 [hepth]; M. R. Setare and V. Kamali, JHEP 10, 074 (2010); A. M. Ghezelbash, V. Kamali and M. R. Setare, ”Hidden Conformal Symmetry of Kerr-Bolt Spacetimes” Phys. Rev D.82. 124051, (2010), arXiv:1008.2189 [hep-th]; B. Chen, A. M. Ghezelbash, V. Kamali and M. R. Setare, ”Holographic description of Kerr-Bolt-AdS-dS Spacetimes,” Nucl. Phys.B848, 108, (2011), arXiv:1009.1497 [hep-th]; C.-M. Chen, V. Kamali, M. R. Setare ”Holographic Q-Picture of Black Holes in Five Dimensional Minimal Supergravity”, arXiv:1011.4556 [hep-th]; R. li and J. R. Ren, ”Holographic Dual of Linear Dilaton Black Hole in Einstein- Maxwell-Dilaton-Axion Gravity,” JHEP 1009, 039 (2010) [arXiv:1009.3139 [hepth]].

[15] K. Hotta, Y. Hyakutake, T. Kubota, H. Tanida, JHEP, 0807, 066, (2008).

[16] S. N. Solodukhin, ”Holography with Gravitational Chern-Simons Term,” Phys. Rev. D 74 (2006) 024015 [arXiv:hep-th/0509148].

[17] D. Birmingham, I, Sachs and S. N. Solodukhin, ”Conformal Field Theory Interpretation of Black Hole Quasi-normal Modes”, Phys.Rev.Lett. 88 (2002) 151301, [arXiv:hep-th/0112055].

[18] J. M. Maldacena and A. Strominger, ”Universal Low-Energy Dynamics for Rotating Black Holes”, Phys.Rev.D56:4975-4983, (1997), [arXiv:hep-th/9702015]; S. S. Gubser, ”Absorption of photons and fermions by black holes in four dimensions,” Phys.Rev.D56:7854- 7868,(1997), [arXiv:hep-th/9706100].