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validity of the conjecture (that the central charges from the non-gravitational fields van-
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entropy of the extremal black hole microscopically; in agreement with the macroscopic
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1 Introduction

For a long time, black holes have been an interesting theoretical system to understand the

nature of quantum gravity. Despite a lot of efforts to explain and reproduce the Bekenstein-

hawking entropy, the theory of black hole entropy is not complete.

Recently, in the context of proposed Kerr/CFT correspondence [1], the microscopic en-

tropy of four-dimensional extremal Kerr black hole is calculated by studying the dual chiral

conformal field theory associated with the diffeomorphisms of near-horizon geometry of the

Kerr black hole [2–7]. These diffeomorphisms preserve an appropriate boundary condition

at the infinity. One important feature of this correspondence is that it doesn’t rely on

supersymmetry and string theory unlike the well known AdS/CFT correspondence [8–13].

The Kerr/CFT correspondence has been used in [14] and [15] to find the entropy of

dual CFT for four and higher dimensional Kerr black holes in AdS spacetimes and gauged

supergravity as well as five-dimensional BMPV black holes in [16]. Moreover the correspon-

dence has been used in string theory D1-D5-P and BMPV black holes in [17] and in the

five dimensional Kerr black hole in Gödel universe [18]. The continuous approach to the

extremal Kerr black hole is essential in the proposed correspondence. For example, in the

case of Reissner-Nordstrom black hole the approach to extremality is not continuous [19].

The rotating bubbles, Kerr-Newman black holes in (A)dS spacetimes and rotating NS5

branes have been considered in [20, 21] and [22].

In all these works, the central charge is computed only from the gravitational tensor

field while contributions from other fields like scalar and vector fields are neglected. This

led the authors of [23], to the conjecture that the central charge of extremal black holes

comes only from the gravitational field. In [23], the authors verified the conjecture for a

class of four and five dimensional theories that their actions contain gravity, scalar fields

and a multiple of U(1) vector fields as well as two topological terms (given in terms of vector

fields and corresponding field strengths). Moreover, the conjecture was verified in [21] for

the Kerr-Newmann-(A)dS black hole in the Einstein-Maxwell theory with cosmological
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constant. In [21], the authors showed that there is no contribution to the central charge of

dual CFT from U(1) gauge field in the Einstein-Maxwell theory with cosmological constant.

In this article, inspired with the above mentioned works, we consider the class of

extremal Kerr-Sen black hole as a class of solutions in the low energy limit (effective

field theory) of heterotic string theory and show that the antisymmetric tensor field (as

well as the other non-gravitational fields) does not contribute to the central charge of the

dual CFT. Hence we extend the validity domain of the conjecture (proposed in [23]) to

include the non-gravitational antisymmetric tensor fields. The Kerr-Sen black hole is an

exact solution to the four-dimensional effective field theory of heterotic string theory with

gauge field, dilaton field and antisymmetric tensor filed [24]. The Kerr-Sen black hole has

been studied in [25] and [26] in regard to its hidden symmetries, null geodesics, photon

capture and its singularities. Moreover Kerr-Sen black hole has been used to study black

hole lensing in the strong deflection limit [27] and the massive complex scalar field in the

Kerr-Sen geometry has been considered in [28].

We apply the Kerr/CFT correspondence to the extremal Kerr-Sen black hole and

should stress that the Kerr-Sen solutions contain an antisymmetric tensor field as well

as a dilaton and a vector field. As we mentioned before, the Kerr-Sen solutions are the

exact solutions to the four-dimensional effective action of heterotic string theory. The

effective action is obtained by compactifiying six of the ten dimensions of string theory

and we have not included any massless fields arising from compactification in the theory.

It seems Kerr-Sen black hole might be considered as a sub-class of black hole solutions

in [21], but we should notice that in all the solutions that have been considered in [21],

there are not absolutely any solutions with antisymmetric tensor fields. In four dimensions,

the antisymmetric tensor field is equivalent to a scalar (axion) and we may expect that

the results (coming from Kerr/CFT correspondence) should not be very different from the

results presented in [21]. However, due to the non-trivial coupling of the antisymmetric

tensor field to the Chern-Simons three form, in this article, we try explicitly to extend

the validity of the conjecture (that the central charge of dual CFT to extremal black hole

comes only from gravitational part and first proposed in [23]) for theories that contain

antisymmetric tensor fields.

The outline of this paper is as follows. In section 2, we first review briefly the Kerr-

Sen black hole and its associated physical quantities. We find the near-horizon geometry of

extremal black hole by using special coordinate transformations as well as the near-horizon

limits of the other non-gravitational fields. We notice a delicate divergence cancellation in

the near-horizon limit of the three-form field strength due to the presence of the Chern-

Simons terms. In section 3, we calculate the different contributions to the central charge of

CFT; from gravitational field, dilaton, gauge field and the antisymmetric tensor field. We

find that there are no contributions to the central charge of the CFT from non-gravitational

fields. Finally we find the microscopic entropy of extremal Kerr-Sen black hole in the dual

chiral conformal field theory and compare the results with the macroscopic Bekenstein-

Hawking entropy. We conclude in section 4 with a summary of our results.

– 2 –
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2 Extremal Kerr-Sen black hole

In this section, we give a brief review of the Kerr-Sen black hole and then study its near-

horizon geometry.

The effective action of heterotic string theory in four dimensions is given by

S = −
∫

d4x
√
−det Ge−Φ

(

−R +
1

12
H2 − Gµν∂µΦ∂νΦ +

1

8
F 2

)

(2.1)

where H2 = HµνρH
µνρ and F 2 = FµνFµν . In (2.1), Gµν and Φ are the metric and the

dilaton field respectively, Fµν = ∂µAν − ∂νAµ is the field strength for the gauge field Aµ

associated with a U(1) subgroup of E8 × E8 and

Hµνρ = ∂µBνρ + ∂νBρµ + ∂ρBµν − 1

4
(AµFνρ + AνFρµ + AρFµν) (2.2)

where the last three terms are the gauge Chern-Simons terms. In Einstein frame, the

Kerr-Sen black hole is given by [24]

ds2 = − r2 + a2 cos2(θ) − 2mr

r2 + a2 cos2(θ) + 2mr sinh2(α/2)
dt2

+
r2 + a2 cos2(θ) + 2mr sinh2(α/2)

r2 + a2 − 2mr
dr2

+(r2 + a2 cos2(θ) + 2mr sinh2(α/2))dθ2 − 4mra cosh2(α/2) sin2(θ)

r2 + a2 cos2(θ) + 2mr sinh2(α/2)
dtdφ

+{(r2 + a2)(r2 + a2 cos2(θ)) + 2mra2 sin2(θ)

+4mr(r2 + a2) sinh2(α/2) + 4m2r2 sinh4(α/2)}

× sin2(θ)

r2 + a2 cos2(θ) + 2mr sinh2(α/2)
dφ2. (2.3)

The dilaton and gauge field components are

Φ = − ln
r2 + a2 cos2(θ) + 2mr sinh2(α/2)

r2 + a2 cos2(θ)
(2.4)

At =
2mr sinh(α)

r2 + a2 cos2(θ) + 2mr sinh2(α/2)
(2.5)

Aφ =
−2mra sinh(α) sin2(θ)

r2 + a2 cos2(θ) + 2mr sinh2(α/2)
(2.6)

and the only non-vanishing component of antisymmetric tensor field is

Btφ =
2mra sinh2(α/2) sin2(θ)

r2 + a2 cos2(θ) + 2mr sinh2(α/2)
. (2.7)

The black hole solution (2.3) has mass M = m cosh2(α/2), charge Q = m√
2

sinhα and

angular momentum J = ma cosh2(α/2). We rewrite the metric as

ds2 = −
(

1 − 2Mr̃

ρ2

)

dt̃2 + ρ2

(

dr̃2

∆
+ dθ2

)

−4Mr̃a

ρ2
sin2 θdt̃dφ̃ +

{

r̃(r̃ + ̺) + a2 +
2Mr̃a2 sin2 θ

ρ2

}

sin2 θdφ̃2 (2.8)

– 3 –



J
H
E
P
0
8
(
2
0
0
9
)
0
4
5

where ρ2 = r̃(r̃ + ̺) + a2 cos2 θ and ∆ = r̃(r̃ + ̺) − 2Mr̃ + a2. The parameter ̺ is related

to m = M − Q2

2M and α in (2.3) by ̺ = 2m sinh2(α/2) = Q2/M . The dilaton , gauge field

and the antisymmetric tensor field are given by

Φ = − ln
r̃(r̃ + ̺) + a2 cos2 θ

r̃2 + a2 cos2 θ
(2.9)

At̃ =
2
√

2r̃Q

ρ2
(2.10)

Aφ̃ =
−2

√
2r̃Qa sin2 θ

ρ2
(2.11)

Bt̃φ̃ =
r̺̃a sin2 θ

ρ2
. (2.12)

We notice that for special value of ̺ = 0, the metric (2.8) reduces to Kerr black hole.

Moreover, we should note that the presence of antisymmetric tensor field Bµν makes

the action (2.1) quite different from the actions considered in [21, 23]. Although the Kerr-

Sen black hole solution (2.8) looks to be included in the class of general extremal black hole

solutions (which considered in [21]), but we should mention that in all solutions considered

in [21], there are no antisymmetric tensor fields. The antisymmetric tensor field may or

may not contribute to the central charge of the dual CFT and this is the main question

that we try to address in this paper.

Moreover, we note that the metric (2.8) is quite distinct from Kerr metric; it can not be

obtained simply by a shift in coordinate r from Kerr metric, hence we can not tell a priori

about the outcome of applying Kerr/CFT correspondence to the rotating black hole solu-

tion (2.8) with the dilaton, gauge field and especially the non-trivial antisymmetric tensor

field (2.12). On the other hand, for a = 0, the Kerr-Sen black hole reduces to Gibbons-

Maeda-Garfinkle-Horowitz-Strominger charged black hole of heterotic string theory in the

strong deflection limit. In this limit, the Gibbons-Maeda-Garfinkle-Horowitz-Strominger

charged black hole can be used to study the gravitational lensing when light passes close

to the black hole. The event horizon of black hole (2.8) is

rH = M − ̺

2
+

1

2

√

(2M − ̺)2 − 4a2. (2.13)

To avoid any naked singularity, we should impose

| J |≤ M2 − 1

2
Q2. (2.14)

It is obvious that the extremal black hole satisfies the upper bound of above inequality.

The angular velocity at the horizon and Hawking temperature of black hole (2.3) are

ΩH =
a

m(m +
√

m2 − a2)(1 + cosh(α))
(2.15)

TH =

√
m2 − a2

2πm(m +
√

m2 − a2)(1 + cosh(α))
(2.16)
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respectively. For the black hole in the form (2.8), the corresponding angular velocity at

horizon, Hawking temperature and entropy are

ΩH =
J

M(2M2 − Q2 +
√

(2M2 − Q2)2 − 4J2)
(2.17)

TH =

√

(2M2 − Q2)2 − 4J2

4πM(2M2 − Q2 +
√

(2M2 − Q2)2 − 4J2)
(2.18)

S = 2πM(M − Q2

2M
+

√

(M − Q2

2M
)2 − J2

M2
). (2.19)

We notice in the extremal limit where J = M2 − 1
2Q2, the angular velocity and Hawking

temperature reduce to 1
2M and 0, respectively and the entropy (2.19) reduces simply to

S = 2πJ ; independent of the mass of black hole.

To find the near-horizon limit of the extremal black hole, we change the coordinates

according to the following transformations

r̃ =
(

M − ̺

2

)

(

1 +
λ

y

)

(2.20)

t̃ =
2M

λ
t (2.21)

φ̃ = φ + t/λ (2.22)

where the scaling parameter λ approaches zero. The black hole metric (2.8) changes to the

near-horizon metric

ds2 =
(2M − ̺)

{

1
2̺ sin2 θ + M(1 + cos2 θ)

}2

2M(1 + cos2 θ) + ̺ sin2 θ

(−dt2 + dy2

y2

)

+

{

M2(1 + cos2 θ) +
1

4
(−̺2 sin2 θ − 4̺M cos2 θ)

}

dθ2

+
4(2M − ̺)M2 sin2 θ

2M(1 + cos2 θ) + ̺ sin2 θ

(

dφ +
dt

y

)2

(2.23)

or

ds2 =

{

M2(1 + cos2 θ) +
1

4
(−̺2 sin2 θ − 4̺M cos2 θ)

}{−dt2 + dy2

y2
+ dθ2+

+
4M2 sin2 θ

(1
2̺ sin2 θ + M(1 + cos2 θ))2

(

dφ +
dt

y

)2
}

. (2.24)

The near-horizon metric definitely is not asymptotically flat. The near-horizon dilaton

field is

Φ = ln
(2M2 − Q2)(1 + cos2 θ)

Q2 sin2 θ + 2M2(1 + cos2 θ)
(2.25)

and the near-horizon U(1) field strength is given by

F =
2
√

2Q(2M2 − Q2) sin2 θ

y2(Q2 sin2 θ + 2M2(1 + cos2 θ))
dy ∧ dt

− 8
√

2M2(2M2 − Q2) sin(2θ)Q

y(Q2 sin2 θ + 2M2(1 + cos2 θ))2
(ydθ ∧ dφ + dθ ∧ dt). (2.26)

– 5 –
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Equation (2.26) shows that near-horizon gauge field is

A = − 2
√

2Q(2M2 − Q2) sin2 θ

(Q2 sin2 θ + 2M2(1 + cos2 θ))

(

dφ +
dt

y

)

. (2.27)

In the near-horizon limit, the three-form field strength Hµνσ is

H =

{

Hdy

y2
− 1

y
H′dθ

}

∧ dt ∧ dφ (2.28)

where

H(θ) =
2(2M2 − Q2)2Q2 sin4 θ

{Q2 sin2 θ + 2M2(1 + cos2 θ)}2
. (2.29)

To get this result in the limit of λ → 0, the contribution of gauge Chern-Simons terms in the

three-form field strength (2.2) is very crucial. In the near-horizon limit, both antisymmet-

ric tensor field and Chern-Simons terms contributions to the three-form field strength (2.2)

diverge. These two divergences exactly cancel each other, hence we obtain the finite re-

sult (2.28) for the three-form field strength near the horizon. We can introduce the new

antisymmetric tensor field B by

B = −H(θ)

y
dt ∧ dφ (2.30)

such that

H = dB. (2.31)

To cover the whole near-horizon geometry, we use the global coordinates

y =
1

cos(τ)
√

1 + r2 + r
(2.32)

t = y sin(τ)
√

1 + r2 (2.33)

φ = ϕ + ln

(

cos(τ) + r sin(τ)

1 + sin(τ)
√

1 + r2

)

(2.34)

so the global near-horizon gauge field and the metric are

A = − 2
√

2Q(2M2 − Q2) sin2 θ

(Q2 sin2 θ + 2M2(1 + cos2 θ))
(dϕ + rdτ) (2.35)

and

ds2 =

{

M2(1 + cos2 θ) +
1

4
(−̺2 sin2 θ − 4̺M cos2 θ)

}{

−(1 + r2)dτ2 +
dr2

1 + r2
+ dθ2+

+
4M2 sin2 θ

(1
2̺ sin2 θ + M(1 + cos2 θ))2

(dϕ + rdτ)2

}

. (2.36)

Moreover, the near-horizon three-form field strength components are

Hτrϕ = H (2.37)

Hτθϕ = cos(τ)
√

1 + r2H′ (2.38)

Hτrθ = − sin(τ)√
1 + r2

H′ (2.39)

Hrθϕ =
r sin(τ)√

1 + r2
H′ (2.40)

– 6 –
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where H is given in (2.29). In the case of vanishing ̺, the metric becomes the near-horizon

geometry of the Kerr solution, as in [1, 29]. For a fixed θ, the near-horizon geometry is

a quotient of warped AdS3 which the quotient arises from identification of ϕ coordinate.

The isometry group of the geometry is SL(2, R) × U(1), where U(1) is generated by the

Killing vector −∂ϕ and SL(2, R) is generated by three Killing vectors,

J1 = 2 sin τ
r√

1 + r2
∂τ − 2 cos τ

√

1 + r2∂r +
2 sin τ√
1 + r2

∂ϕ (2.41)

J2 = −2 cos τ
r√

1 + r2
∂τ − 2 sin τ

√

1 + r2∂r −
2 cos τ√
1 + r2

∂ϕ (2.42)

J3 = 2∂τ (2.43)

3 Microscopic entropy in dual CFT

We recall that asymptotic symmetry group of a spacetime is the group of allowed symme-

tries that obey the boundary conditions. As a result, the definition of the charge associated

with a symmetry depends both on the action as well as boundary conditions. Hence, to

compute the charges associated with asymptotic symmetry group of Kerr-Sen solution,

we should consider all possible contributions from all different fields in the action (2.1).

Asymptotic symmetries of the action (2.1) include diffeomorphisms ξ such that

δξΦ = LξΦ (3.1)

δξAµ = LξAµ (3.2)

δξgµν = Lξgµν (3.3)

δξBµν = LξBµν (3.4)

as well as the following gauge transformations Λ and Ψ for Aµ and Bµν respectively,

δΛAµ = ∂µΛ (3.5)

δΨBµν = ∂µΨν − ∂νΨµ. (3.6)

In equations (3.1)–(3.4), the Lie derivatives of dilaton, gauge field, metric and antisym-

metric tensor field B) are

LξΦ = ξµ∇µΦ (3.7)

LξAµ = ξνFµν + ∇µ(Aνξν) (3.8)

Lξgµν = ∇µξν + ∇νξµ (3.9)

LξBµν = Bµρ∂νξρ + Bρν∂µξρ + ξρ∂ρBµν . (3.10)

Hence, there are four contributions to the associated charge of asymptotic symmetry

group of Kerr-Sen solution. The contributions come from gravitational tensor, dilaton,

U(1) gauge field and antisymmetric tensor field Bµν . So we have

Qζ,Λ,Ψ =
1

8π

∫

∂Σ

(

kg
ζ [h; g] + kΦ

ζ [h, φ; g,Φ] + kA
ζ,Λ[h, a; g,A] + kB

ζ,Ψ[h, b; g,B]
)

(3.11)

– 7 –
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where h, a, b and φ mean the infinitesimal variations of g,A,B and Φ fields, respectively,

and ∂Σ is the boundary of a spatial slice. We should note, thanks to equation (2.31), there

is no contribution to the charge (3.11) from Chern-Simons terms. The gravitational and

dilaton contribution two-forms kg
ζ [h; g] and kΦ

ζ [h, φ; g,Φ] are given by [30–32]

kg
ζ [h; g] = −δQg

ζ + Q
g
δζ + iζΘ[h] − EL[Lζg, h] (3.12)

kΦ
ζ [h, φ; g,Φ] = −iζΘΦ (3.13)

where ΘΦ = ∗(φdΦ), Θ[h] = ⋆{(Dβhαβ − gµνDαhµν)dxα} and

EL[Lζg, h] = ⋆

{

1

2
hαγ(Dγζβ + Dβζα)dxα ∧ dxβ

}

(3.14)

and Q
g
ζ is the Koumar two-form

Q
g
ζ =

1

2
⋆ (Dµξν − Dνξµ)dxµ ∧ dxν . (3.15)

The last two terms in equation (3.11) are contributions of one-form gauge field A and

two-form B field to the charge. In general for a p̂-form P with the associated (p̂ + 1)-form

field strength R, the contribution is given by [32]

kP
ζ,Π[h, p; g, P ] = −δQP

ζ,Π + QP
δζ,δΠ − iζΘ

P − EP
L [LζP + dΠ, p] (3.16)

where

ΘP = p ∧ ⋆R (3.17)

EP
L [LζP + dΠ, p] = ⋆

{

1

2(p̂ − 1)!
pµρ1···ρp̂−1

(LζP + dΠ)
ρ1···ρp̂−1

ν dxµ ∧ dxν

}

(3.18)

and the two-form QP
ζ,Π is

QP
ζ,Π = (iζP + Π) ∧ ⋆R. (3.19)

The explicit expressions for the contributions to the charge (3.11) from gravity, dilaton and

Maxwell field are given in the appendix. We find the contribution of antisymmetric tensor

field as

kB
ζ,Ψ[h, b; g,B] =

1

12

{

ζλ(ǫµνρβbλα + ǫµνραbβλ + ǫµνρλbαβ)Hµνρ
}

dxα ∧ dxβ

−1

6
ǫµνρσ

{

1

2
ξλbνλHµνρ+

(

1

2
ξλBνλ + Ψν

)(

δHµνρ +
1

2
hHµνρ

)}

dxν ∧ dxσ

+
1

8
ǫµν

ρσbα
µ(LζB + dΨ)ναdxρ ∧ dxσ . (3.20)

We choose the proper boundary condition for the near-horizon metric as the same as one

in [1]. Moreover, we choose the boundary conditions for the U(1) gauge field

aµ ∼ O(r, 1/r2, 1, 1/r) (3.21)

– 8 –
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and for the dilaton as

φ ∼ O(1) (3.22)

where the coordinates are (τ, r, θ, ϕ). For the antisymmetric tensor field, we choose

bµν ∼ O











0 1/r2 1/r 1

0 1/r2 1/r

0 1/r

0











(3.23)

to make sure that the conserved charges of the theory remain finite. We can show that the

near-horizon metric has a class of commuting diffeomorphisms, labeled by n = 0,±1,±2, · · ·

ζn = −e−inϕ(∂ϕ + inr∂r). (3.24)

This diffeomorphism generates a Virasoro algebra without any central charge

[ζm, ζn] = −i(m − n)ζm+n. (3.25)

Under the action of diffeomorphism (3.24), the gauge field gets a ϕ-component that is

of the order of 1 at infinity. This is in contrast to the boundary condition (3.21). To

restore the boundary condition (3.21), we should perform a gauge transformation with the

gauge function

Λn(θ, ϕ) = − 2
√

2Q(2M2 − Q2) sin2 θ

(Q2 sin2 θ + 2M2(1 + cos2 θ))
e−inϕ. (3.26)

Hence, under a combination of diffeomorphism transformation and gauge transformation,

the gauge field at infinity behaves exactly as it is expected by (3.21). Moreover, the Lie

derivative of the antisymmetric tensor field B at infinity, has the following components

LζBτr =
1

2
e−i(π/2+nϕ)n sin(τ)H2(θ) + O

(

1

r2

)

(3.27)

LζBτϕ =
1

2
e−i(π/2+nϕ)n2 sin(τ)H2(θ)r + O

(

1

r

)

(3.28)

that are not in agreement with the boundary condition (3.23). The only other non-zero

component of LζB at infinity, is

LζBrϕ =
e−i(π/2+nϕ)n sin(τ)H(θ)

1 + cos(τ)

1

r2
+ O

(

1

r4

)

(3.29)

which behaves smoother than what is supposed to be. To find agreement with the bound-

ary condition (3.23), we do a compensational transformation (3.6) with the following

Ψµ function,

(Ψr)n =
1

2
ine−inϕH2(θ) cos(τ) (3.30)

(Ψϕ)n =
1

2
n2e−inϕH2(θ)r cos(τ). (3.31)
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So, we find a combination of diffeomorphism transformation and (3.6) yields an antisym-

metric tensor field that behaves at infinity, in agreement with the imposed boundary con-

dition (3.23).

The charge (3.11) generates the symmetry (ζ,Λ,Ψ)n and the algebra of the asymptotic

symmetric group is given by the Dirac bracket algebra of these charges

{Qζ,Λ,Ψ, Qζ̃,Λ̃,Ψ̃}D.B. = (δζ̃ + δΛ̃ + δΨ̃)Qζ,Λ,Ψ (3.32)

=
1

8π

∫

∂Σ

(

kg
ζ [Lζ̃g; g] + kΦ

ζ [Lζ̃g,Lζ̃Φ; g,Φ]

+kA
ζ,Λ[Lζ̃g,Lζ̃A + dΛ̃; g,A] + kB

ζ,Ψ[Lζ̃g,Lζ̃B + dΨ̃; g,B]
)

.

Taking the background geometry ĝ and fields Φ̂, Â and B̂ by (2.24), (2.25), (2.27) and (2.30),

we obtain

{Qζ,Λ,Ψ, Qζ̃,Λ̃,Ψ̃}D.B. = Q[(ζ,Λ,Ψ),(ζ̃,Λ̃,Ψ̃)] +
1

8π

∫

∂Σ

(

kĝ
ζ [Lζ̃ ĝ; ĝ] + kΦ

ζ [Lζ̃ ĝ,Lζ̃Φ̂; ĝ, Φ̂]

+ kA
ζ,Λ[Lζ̃ ĝ,Lζ̃Â + dΛ̃; ĝ, Â] + kB

ζ,Ψ[Lζ̃ ĝ,Lζ̃ B̂ + dΨ̃; ĝ, B̂]
)

. (3.33)

A straightforward and lengthy calculation shows that the algebra of the asymptotic sym-

metry group is a Virasoro algebra generated by (ζ,Λ,Ψ)n with the central charge

c = cg + cΦ + cA + cB. (3.34)

The four contributions to the central charge are generated by the last four central terms

in (3.33), respectively. Moreover, we find that the chosen boundary conditions for the

metric tensor (as the same boundary condition in [1]), dilaton (given by (3.22)) , gauge field

(given by (3.21)) and antisymmetric tensor field (given by (3.23)), keep all the conserved

charges as well as the central charges completely finite. Explicitly, we find that

∫

∂Σ
kĝ

ζm
[Lζ̃n

ĝ; ĝ] = 8πJ(m3 − m)δm,−n (3.35)

∫

∂Σ
kΦ

ζm
[Lζ̃n

ĝ,Lζ̃n
Φ̂; ĝ, Φ̂] = 0 (3.36)

∫

∂Σ
kA

ζm,Λm
[Lζ̃n

ĝ,Lζ̃n
Â + dΛ̃; ĝ, Â] = 0 (3.37)

∫

∂Σ
kB

ζm,Ψm
[Lζ̃n

ĝ,Lζ̃n
B̂ + dΨ̃; ĝ, B̂] = 0 (3.38)

which yield

cg = 12J (3.39)

cΦ = 0 (3.40)

cA = 0 (3.41)

cB = 0. (3.42)
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These results explicitly show that the non-gravitational fields (including the antisymmetric

tensor field) do not contribute to the central charge of the dual CFT. Replacing the Dirac

brackets by commutators yields a quantum Virasoro algebra with the central charge

c = 12J (3.43)

for the dual chiral CFT corresponding to Kerr-Sen black hole (2.8). To find the entropy

of dual chiral CFT, we need to find Frolov-Thorne temperature [33]. A straightforward

calculation shows

TFT =
1

2π
. (3.44)

Finally, we obtain the microscopic entropy in dual chiral CFT by using the Cardy rela-

tion, as

S =
π2

3
cTFT = 2πJ. (3.45)

This microscopic result for the entropy is exactly the same as macroscopic entropy of black

hole (2.19) in the extremal limit.

Although Kerr-Sen black hole in the limit of a → 0 reduces to Gibbons-Maeda-

Garfinkle-Horowitz-Strominger charged black hole, but Kerr/CFT correspondence fails for

Gibbons-Maeda-Garfinkle-Horowitz-Strominger black hole. This is quite reasonable since

in derivation of microscopic entropy, we implicitly assumed that the angular velocity of the

horizon is not zero.

4 Concluding remarks

In this paper, we considered the class of extremal Kerr-Sen black holes in the low energy

limit of heterotic string theory. We found the near-horizon metric of the black hole, as

well as the near-horizon limits of the other non-gravitational fields of the theory by taking

the near-horizon procedure. We found that the contribution of the Chern-Simons terms

to the three-form field strength of the theory is very crucial. In fact, the contribution

of the antisymmetric tensor field to the three-form field strength in near-horizon limit, is

divergent. Moreover, the contribution of the Chern-Simons terms to the three-form field

strength in near-horizon limit, also is divergent. However, these two divergences cancel

out exactly when we consider both contributions to the three-form field strength. We

found an important result that states near the horizon (which has the topology of warped

AdS3), the three-form field strength depends explicitly on a new antisymmetric tensor field,

and not to the Maxwell gauge filed. By choosing the proper boundary conditions for the

gravitational field, dilaton, gauge field and the antisymmetric tensor field, we found the

diffeomorphisms that generate Virasoro algebra without any central charge. The generator

of diffeomorphisms which is a conserved charge, can be used to construct an algebra under

Dirac brackets. This algebra is the same as diffeomorphism algebra but just with some

extra central terms. These central terms, in general contribute to the the central charge

of the Virasoro algebra. We showed that the only non-zero contribution to the central

charge of the dual conformal field theory comes from gravitational field. So, we extended

– 11 –
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the validity of conjecture (that the central charges from the non-gravitational fields van-

ish) to theories that include the antisymmetric tensor fields. The central charge together

with Frolov-Thorne temperature enable us to find the microscopic entropy of the extremal

Kerr-Sen black hole in dual chiral CFT. The microscopic entropy is exactly the same as

macroscopic Bekenstein-Hawking entropy of the extremal black hole. Our work provides

further supportive evidence in favor of a Kerr/CFT correspondence in the low energy limit

of heterotic string theory that contains three non-gravitational fields.
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A Different two-form contributions to the central charge

The contribution to the charge (3.11) from the gravitational tensor is

kg
ζ [h; g] = −1

4
ǫµνρσ

{

ζσ∇ρh − ζσ∇λhρλ + ζλ∇σhρλ +
1

2
h∇σζρ

− hσλ∇λζρ +
1

2
hλσ(∇ρζλ + ∇λζρ)

}

dxµ ∧ dxν . (A.1)

The Maxwell contribution is given by

kA
ζ,Λ[h, a; g,A] =

1

8π
ǫαβµν

{

(

−1

2
hFµν + 2Fµρhν

ρ − δFµν

)

(ζσAσ + Λ)

−Fµνζσaσ − 2F σµζνaσ

}

dxα ∧ dxβ

−1

8
ǫµν
αβaµ(LζAν + ∂νΛ)dxα ∧ dxβ. (A.2)

We should note that the last two terms in (A.1) as well as in (A.2) vanish for an exact

Killing vector and an exact symmetry, respectively. Finally, the dilaton contribution is

kΦ
ζ [h, φ; g,Φ] = −1

6
φǫν

ρσλζρ∂νΦdxσ ∧ dxλ. (A.3)
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[14] H. Lü, J. Mei and C.N. Pope, Kerr/CFT correspondence in diverse dimensions,

JHEP 04 (2009) 054 [arXiv:0811.2225] [SPIRES].
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