Dimensional Reduction of the Heterotic Supergravity on nearly-Kähler cosets^∗

Athanasios Chatzistavrakidis^† Institute of Nuclear Physics, NCSR Demokritos, GR-15310, Ag. Paraskevi, Athens, GREECE

Pantelis Manousselis^‡ Physics Department, National Technical University of Athens, GR-15780 Zografou Campus, Athens, GREECE

George Zoupanos^§ Physics Department, National Technical University of Athens, GR-15780 Zografou Campus, Athens, GREECE

Abstract

We study the reduction of the N = 1, ten-dimensional Heterotic Supergravity to four dimensions, at zeroth order in α^′, when the internal space is a coset manifold. Then we apply the formalism using as internal manifolds all possible six-dimensional non-symmetric coset spaces, namely G_2/SU(3), Sp_4/SU(2) × U(1) and SU(3)/U(1) × U(1), which are known to preserve the supersymmetric spectrum. The effective actions describe N = 1 four-dimensional supergravities of the no-scale type. We find the scalar potentials and comment on the different possibilities concerning the vacua of these models. We note that all the spaces we use admit a nearly-Kähler structure therefore these models constitute specific examples of nearly-Kähler reduction.

1. Introduction Supergravity theories have been studied extensively over the past thirty years. In particular, exploring the possibility that superstring theories describe the real world, the task of providing a suitable compactification which

∗ Work supported by the NTUA programme for basic research ”Karatheodoris” and the European Union’s RTN programme under contract MRTN-CT-2006-035505.

† e-mail address: cthan@mail.ntua.gr ‡ e-mail address: pman@central.ntua.gr § e-mail address: zoupanos@cern.ch 73 would lead to a realistic four-dimensional theory has been pursued in many diverse ways.

The early attempts to reduce such theories made extensive use of Calabi- Yau (CY) manifolds, i.e. manifolds with SU(3) holonomy [1]. A reduction and truncation procedure was developed in [2] and [3], where the internal space is not specified but the general characteristics of CY manifolds are kept. However, there exist some problems with the use of CY in the reduction procedure due to their complicated geometry. Among others their metric is not known explicitly and their Euler characteristic is too large to accommodate an acceptable number of fermion generations. Moreover, in CY compactifications the resulting low-energy field theory in four dimensions contains a number of massless chiral fields, characteristic of the internal geometry, known as moduli. These fields correspond to flat directions of the effective potential and therefore their values are left undetermined. Since these values specify the masses and couplings of the four-dimensional theory, the theory has limited predictive power.

In the context of flux compactifications, recent developments led to the study of a new class of internal spaces called manifolds with SU(3)-structure. The case of SU(3)-structures is of special interest since the ”local Lorentz” (structure) group SO(6) of the internal space can be reduced down to SU(3) in a way that a single spinor can be globally defined on it. This spinor is not necessarily covariantly constant with respect to the Levi-Civita connection, as in the case of Calabi-Yau manifolds, but it can be constant with respect to a connection with torsion. This condition allows for a wider class of internal spaces, such as nearly-Kähler and half-flat manifolds. The Heterotic String theory has been recently studied in this context in [4] and [5]. Simple G-structure manifolds are six dimensional cosets possessing an SU(3) structure. They have been identified as supersymmetric solutions in the case of type II theories (see e.g. [6],[7]). In the studies of compactification of the Heterotic Supergravity the use of cosets spaces was introduced in [8], and recently developed further in [9]-[11]. Particularly, in [11] it was shown that supersymmetric compactifications of the Heterotic String theory of the form AdS_4 × S/R exist when background fluxes and general condensates are present. In addition, effective theories where constructed in [7], [12], [13] in the case of type II supergravity.

In this contribution we discuss the dimensional reduction of the Heterotic String at zeroth order in α^′ in the case where the internal manifold is a coset space. In section 2 we provide a brief reminder of the Heterotic Supergravity and discuss the basics of manifolds with SU(3)-structure. In section 3 we present the general reduction procedure that we follow and determine the resulting four-dimensional Lagrangian. In section 4 we apply the previously found results in the case of all three six-dimensional non-symmetric coset spaces, which in addition admit a nearly-Kähler structure and we discuss the supergravity description from the four-dimensional point of view. Section 5 contains our conclusions and a discussion on the vacuum of the models we studied, making contact with the results of no-scale supergravity.

2. General Framework 2.1. The Heterotic Supergravity In this section we briefly review the field content and the Lagrangian of the Heterotic Supergravity in order to fix our notation and conventions. The field content of the Heterotic Supergravity consists of the N = 1, D = 10 supergravity multiplet, which accommodates the fields g_{MN} , ψ_M , B_{MN} , λ and φ (i.e. the graviton, the gravitino which is a Rarita-Schwinger field, the two-form potential, the dilatino which is a Majorana-Weyl spinor, and the dilaton which is a scalar). Capital Latin letters denote here tendimensional indices.

The corresponding Lagrangian of the ten-dimensional N = 1 Heterotic Supergravity in the Einstein frame can be written as [14] L = L_b + L_f + L_{int}, (1) where the different sectors of the theory, ignoring the gauge fields and the gaugini at lowest order, are^1

ê^{−1}L_b = − 1 2κ̂^2

(R̂^∗1 + 1 2 e^{−ϕ̂}Ĥ_{(3)} ∧ ^∗Ĥ_{(3)} + 1 2 dϕ̂ ∧ ^∗dϕ̂), (2)

ê^{−1}L_f = − 1 2 ^̄ψ_M Γ̂MNP D_N ψ̂_P − 1 2 ^̄λΓ̂M D_M λ̂, (3)

ê^{−1}L_{int} = − 1 2 ^̄ψ_M Γ̂N Γ̂M λ̂∂_N ϕ̂ + e−^^ϕ/2Ĥ_{P QR} ( ^̄ψ_M Γ̂MP QRN ψ̂_N (4)

+ 6 ^̄ψ^P Γ̂^Qψ̂^R − √ 2ψ̄_M Γ̂^{P QR}Γ̂^M λ̂) ) +four-fermion terms,

where we have placed hats in all the ten dimensional fields to distinguish them from their four dimensional counterparts which will appear after the reduction. The three-form Ĥ_{(3)} is the field strength for the B-field, namely Ĥ = dB̂. The Gamma matrices are the generators of the ten dimensional Clifford algebra, hence we place hats on them too, while those with more than one index denote antisymmetric products of Γs. Also κ̂ is the gravitational coupling constant in ten dimensions, with dimensions (mass)^4. ê is the determinant of the metric, while ^∗ is the Hodge star operator in ten dimensions. Let us mention that the gravitational constant is defined as κ̂^2 = 8πG_N , where G_N is the Newton constant. As such its relation to the Planck mass is κ̂ =^1_{mP l} , since the Planck mass is m_{P l} =^{1√}_{8πGN} .

2.2. Manifolds with SU(3)-structure Calabi-Yau manifolds were proposed as internal spaces for compactifications in view of the requirement that a four-dimensional N = 1 supersymmetry is preserved. Namely they admit a single globally defined spinor,

1 Here we use differential form notation for the kinetic terms of the bosons, which will prove to be useful in the course of the reduction.

which is covariantly constant with respect to the (torsionless) Levi-Civita connection. However, there exists a larger class of manifolds for which the spinor is covariantly constant with respect to a connection with torsion. These are called manifolds with SU(3) structure and clearly Calabi-Yau manifolds are a subclass in the category of SU(3)-structure manifolds.

In particular, in order to define a single spinor on a six-dimensional manifold one has to reduce the structure group SO(6). The simplest procedure one can follow is to reduce this group to SU(3), since then the decomposition of the spinor of SO(6) reads 4 = 3 + 1 and the spinor we are looking for is the singlet, let us call it η. Then, we can use η to define the SU(3)-structure forms, which are a two-form J and a three-form Ω defined as

J_{mn} = ∓iη^†_±γ_{mn}η_±, Ω_{mnp} = η^†_−γ_{mnp}η_+, Ω^∗_{mnp} = −η^†_+γ_{mnp}η_−. (5)

These forms are not closed forms but instead they satisfy

dJ = 3 4 i(W_1Ω^∗ − W_1Ω) + W_4 ∧ J + W_3,

dΩ = W_1J ∧ J + W_2 ∧ J + W^∗_5 ∧ Ω. (6)

The expressions (6) define the five intrinsic torsion classes, which are a zeroform W_1, a two-form W_2, a three-form W_3 and two one-forms W_4 and W_5. These classes completely characterize the intrinsic torsion of the manifold.

The classes W_1 and W_2 are vanishing when the manifold is complex and furthermore a Kähler manifold has vanishing W_3 and W_4. A Calabi-Yau manifold has all the torsion classes equal to zero. An interesting class of SU(3)-structure manifolds are called nearly-Kähler manifolds. In this case all the torsion classes but W_1 are vanishing. This suggests that the manifold is not Kähler and not even complex. A complete list of other classes of SU(3)-structure manifolds can be found in [15].

Manifolds with SU(3)-structure in general [4],[5] and nearly-Kähler manifolds in particular [9],[12] have attracted a lot of interest in flux compactifications over the last years. Since we are interested in coset spaces it is worth noting that certain six-dimensional coset spaces provide simple realizations, and to our knowledge the only ones, of manifolds with a nearly-Kähler structure. These spaces are the three non-symmetric sixdimensional cosets, namely G_2/SU(3), Sp_4/(SU(2) × U(1))_{non−max} and SU(3)/U(1) × U(1), plus the coset SU(2)^3/SU(2). It is therefore interesting to perform an explicit reduction over these spaces and find the resulting effective actions, a task which we shall perform in the forthcoming sections.

3. Reduction Procedure

In the present section we focus on the bosonic part of the Heterotic Supergravity Lagrangian and perform its reduction from ten to four dimensions over the coset spaces S/R. Since the Kähler potential and the superpotential of the four-dimensional theory can be obtained from the bosonic part, this procedure will be sufficient to find the supergravity description in four dimensions.

In order to reduce the theory we need ansatz for the bosons, namely for the metric, the dilaton and the B-field. Starting with the metric, our ansatz reads dŝ^2_{(10)} = e^{2αφ(x)}η_{mn}e^me^n + e^{2βφ(x)}γ_{ab}(x)e^ae^b, (7)

where m, n are four-dimensional indices and a, b are flat internal indices. In this ansatz we included exponentials which rescale the metric components. This is always needed in order to obtain an action without any prefactor for the Einstein-Hilbert part. We shall see that we need to specify the values of α and β in order to fulfil this requirement.

Let us note that this ansatz is dictated by two further requirements. Firstly, the metric is required to be S-invariant [16]. Secondly, the requirement of consistency of our reduction enforces the vanishing of the Kaluza-Klein fields and allows only the scalar fluctuations [17],[18].

Following the standard procedure of reducing this action in the case of a coset space (see e.g. [19]) and choosing α = − √ 3 4 , β = −^α_3 , we find that the reduced Lagrangian reads

L = − 1 2κ^2 ( R ∗ 1 − P_{ab} ∧ ∗P_{ab} + 1 2 dφ ∧ ∗dφ ) −V, (8)

with the potential V having the form

V = − 1 8κ^2 e^{2(α−β)φ}(γ_{ab}γ^{cd}γ^{ef} f^a_{ce}f^b_{df} + 2γ^{ab}f^c_{da}f^d_{cb} + 4γ^{ab}f_{iac}f^{ic}_b ) ∗ 1, (9)

where the index i runs in R. In the reduced Lagrangian the fields P_{ab} are defined as P_{ab} = 1 2 [(Φ^{−1})^c_adΦ^b_c + (Φ^{−1})^c_bdΦ^a_c ], (10)

with γ_{cd} = δ_{ab}Φ^a_c Φ^b_d, (11) while the corresponding kinetic term in (8) will provide the kinetic terms for the extra scalars apart from φ that can appear through the metric γ_{ab}(x). On the other hand, the higher-dimensional dilaton is trivially reduced by ϕ̂(x, y) = ϕ(x), since it is already a scalar in ten dimensions. This leads to a kinetic term −^1_{4κ2} dϕ ∧ ∗dϕ in the reduced Lagrangian. Finally, concerning the three-form sector of the theory we expand the Bfield on invariant forms of the coset space, namely our ansatz reads

B̂ = B(x) + b^i(x)ω_i(y), (12) where the index i counts the number of invariant two-forms. Then it is straightforward to see that the higher-dimensional three-form can be written in terms of four-dimensional fields as Ĥ = dB + db^i ∧ ω_i + b^idω_i. (13)

Let us note here that unlike the case of CY compactifications, where the expansion forms are harmonic and hence closed, here we expand in forms that are not closed thus there is an extra term appearing in eqn. (13). Plugging the ansatz into the corresponding term in the Lagrangian we find that the reduced Lagrangian for this sector is

L = − 1 2κ^2 e^{−ϕ} [ 1 2 e^{−4αφ}dθ ∧ ∗dθ + m 2 e^{−4βφ}db^i ∧ ∗db^i

+e^{4αφ}(n_1(b^i)^2 + n_2ϵ_{ij} b^ib^j)vol_4 ] ∧vol_6,

(14) where θ is the pseudoscalar obtained by duality transformation on dB, while m, n_1 and n_2 are fixed constants defined by

ω_i ∧ ∗ω_j = mδ_{ij}vol_6, dω_i ∧ ∗dω_j = (n_1δ_{ij} + n_2ϵ_{ij} )vol_6. (15)

4. Examples In this section we specialize the general discussion of the previous one in the case of non-symmetric six-dimensional coset spaces. There are known to exist three cases, namely G_2/SU(3), Sp_4/(SU(2) × U(1))_{non−max} and SU(3)/U(1) × U(1).

Geometry and SU(3)-structure

G_2/SU(3): This manifold has one G_2-invariant two-form, ω_1 = e^{12} − e^{34} − e^{56}, and two G_2-invariant three forms, ρ_1 = e^{136} + e^{145} − e^{235} + e^{246} and ρ_2 = e^{135} − e^{146} + e^{236} + e^{245} [20]. On the other hand there are no invariant one-forms. The invariant forms of the coset space are intimately connected to its SU(3)-structure forms J and Ω. Indeed

J = Rω_1, Ω = √ R^3(ρ_2 + iρ_1), (16) where R is the radius of the space. The only non-vanishing torsion class is

W_1 = − 2i √ 3R , (17)

which means that this space naturally admits a nearly-Kähler structure without any further conditions.

Sp_4/(SU(2) × U(1))_{non−max} : Here there exist two Sp_4-invariant two-forms ω_1 = e^{12} +e^{56} and ω_2 = e^{34} and two three-forms ρ_1 = e^{136} −e^{145} +e^{235} +e^{246} and ρ_2 = e^{135} + e^{146} − e^{236} + e^{245} [20]. As in the previous case no invariant one-forms exist. The structure forms are

J = −R_1ω_1 + R_2ω_2, Ω = √ R^2_1R_2(ρ_2 + iρ_1), (18)

with R_1 and R_2 the radii of the space. The non-vanishing torsion classes in this case are

W_1 = − 2i 3 2R_1 + R_2 √ R^2_1R_2

, (19)

W_2 = − 4i 3 1 √ R^2_1R_2 [ R_1(R_1 − R_2)e^{12} − 2R_2(R_2 − R_1)e^{34} + R_1(R_1 − R_2)e^{56} ] (20)

and it is obvious that the space has a nearly-Kähler limit when the condition R_1 = R_2 is satisfied.

SU(3)/U(1) × U(1): The coset space SU(3)/U(1) × U(1) has three SU(3)- invariant two-forms ω_1 = e^{12}, ω_2 = e^{45}, ω_3 = e^{67}, two invariant three-forms ρ_1 = e^{147} − e^{156} + e^{246} + e^{257}, ρ_2 = e^{146} + e^{157} − e^{247} + e^{256} and no invariant one-forms [20]. The forms which specify the SU(3)-structure are

J = −R_1ω_1 + R_2ω_2 − R_3ω_3, Ω = √ R_1R_2R_3(ρ_2 + iρ_1), (21)

where the three radii of the space are involved, while the torsion classes are

W_1 = − 2i 3 R_1 + R_2 + R_3 √ R_1R_2R_3

, (22)

W_2 = − 4i 3 1 √ R_1R_2R_3

[R_1(2R_1 − R_2 − R_3)e^{12} − R_2(2R_2 − R_1 − R_3)e^{34}

+ R_3(2R_3 − R_1 − R_2)e^{56}]. (23)

It is again straightforward that under the condition of equal radii this space admits a nearly-Kähler structure.

Supergravity description in four dimensions

G_2/SU(3): For G_2/SU(3) the most general G_2-invariant metric is g_{ab} = e^{2βφ}δ_{ab}, namely there is only one scale. Thus, using the fact that γ_{ab} = δ_{ab} as well as the structure constants of this coset space, we easily find that the four dimensional potential in this case is

V = − 1 2κ^2

(6e^{8α3 φ} − 6e^{−ϕ+4αφ}b^2). (24)

Note that in eq (24) we have calculated that n_1 in eq (15) becomes 12 in the present case. In order to bring the reduced Lagrangian in the standard fourdimensional supergravity form we define the complex superfields, consisting of all the scalar moduli,

S = e^{ϕ0} + iλ, T = e^{−φ0/} √ 3 + ib. (25)

Here for convenience we have redefined two of the moduli as

ϕ_0 = 1 2 (−ϕ − 4αφ), φ_0 = 1 2 (−φ + 4αϕ). (26)

Then we define the Kähler potential and the superpotential K = 1 κ^2 [ −ln(S + S) − 3ln(T + T ) ] , W = 4 √ 3T. (27)

Consequently, we can easily verify that the four-dimensional potential is indeed given by the supergravity expression

V (Φ, Φ̄) = 1 κ^4 e^{κ2K} (K^{ij̄} DW DΦ^i DW DΦ̄^{j̄}

− 3κ^2W W ), (28)

where the complex superfields are collectively denoted by Φ and the derivatives involved are the Kähler covariant derivatives. Also one can check that the kinetic terms are also exactly retrieved as − 1 κ^2

K_i¯_jdΦ^i ∧ ∗dΦ̄^{j̄} (29)

with the same Kähler potential, as required by supergravity.

Sp_4/SU(2) × U(1): This coset space admits two independent scales so we need to parametrize the metric by an extra scalar field, say χ. Also, there are now two scalars from the B-field, b_1 and b_2. In the same spirit as in the previous case we find that the four-dimensional supergravity description is obtained by defining the Kähler potential and superpotential K = 1 κ^2 [ −ln(S + S) − ln[(T_1 + T_1)^2(T_2 + T_2)] ] , W = 2T_1 + T_2, (30)

where the complex superfields are defined as

S = e^{ϕ0} + iλ, T_1 = e^{−φ0/} √ 2 + ib_1, T_2 = e^{−χ} + ib_2. (31)

The nearly-Kähler limit corresponds to the case T_1 = T_2.

SU(3)/U(1) × U(1): Here there are three independent scales, namely there are three scalars parametrizing the metric fluctuations φ, χ, ψ and on the other hand there are three fields b_1, b_2, b_3 in this case.

The same logic leads in this case to the Kähler potential K = 1 κ^2 [ −ln(S + S) − ln[(T_1 + T_1)(T_2 + T_2)(T_3 + T_3)] ] (32)

and superpotential W = −T_1 + T_2 − T_3, (33)

with T_1 = e^{−φ} + ib_1, T_2 = e^{−χ} + ib_2, T_3 = e^{−ψ} + ib_3. The nearly-Kähler limit is obtained again when T_1 = T_2 = T_3.

5. Discussion and Conclusions

In this contribution we explicitly reduced the Heterotic Supergravity from ten dimensions to four at zeroth order in α^′, i.e. ignoring the gauge fields, using coset spaces as internal manifolds. We have examined three specific models based on the three six-dimensional non-symmetric coset spaces and we have determined the resulting four-dimensional effective actions.

From our results we observe that in all three cases the structure of the Kähler potential and the superpotential of the resulting four-dimensional supergravities is the same and they differ only on the number of scalar moduli appearing in each case. In particular, the volume of the internal space is parametrized by one scalar field for G_2/SU(3), while in the cases of Sp_4/(SU(2 × U(1))_{non−max} and SU(3)/U(1) × U(1) the volume depends on two and three scalar fields respectively. On the other hand, the scalar fields emerging from the internal components of the B-field are one, two and three respectively in the three examples we studied. It is worth noting that the structure of the Kähler potential is exactly the one that appears in the no-scale models of supergravity [21].

As far as the vacuum of the models is concerned, as long as supersymmetry remains unbroken it is impossible to find a de Sitter vacuum [22]. On the other hand, taking as example the model based on G_2/SU(3) we see that a Minkowski vacuum could be obtained only when the fields acquire the expectation values < b >= 0 and < φ >→ ∞, which is not a plausible condition since it leads to a run-away argument. In particular, the condition < φ >→ ∞ in the vacuum means that the volume of the internal space tends to infinity. The same result holds in the other two cases.

In order to enrich our models and look for realistic phenomenology it is necessary to work on the next order in α^′ and include gauge fields and non-vanishing fluxes [23]. Then, working in the context of the Coset Space Dimensional Reduction [24] we shall be able to find interesting supergravity GUTs in four dimensions with an appropriate number of fermion generations and soft breaking of supersymmetry. Studying the enhanced potential and exploring Minkowski vacua in this case one can hope to be led to positive results. This work is currently in progress.

Acknowledgements The authors would like to thank P. Aschieri, G.L. Cardoso, A. Kehagias, C. Kounnas, G. Koutsoumbas, D. Lüst and D. Tsimpis for useful discussions.

References

[1] P. Candelas, G. T. Horowitz, A. Strominger and E. Witten, Nucl. Phys. B 258, 46 (1985).

[2] E. Witten, “Dimensional Reduction Of Superstring Models,” Phys. Lett. B 155, 151 (1985).

[3] J. P. Derendinger, L. E. Ibanez and H. P. Nilles, “On The Low-Energy D = 4, N=1 Supergravity Theory Extracted From The D = 10, N=1 Superstring,” Phys. Lett. B 155, 65 (1985). J. P. Derendinger, L. E. Ibanez and H. P. Nilles, “On The Low-Energy Limit Of Superstring Theories,” Nucl. Phys. B 267, 365 (1986).

[4] S. Gurrieri, A. Lukas and A. Micu, JHEP 0712, 081 (2007) [arXiv:0709.1932 [hep-th]].

[5] I. Benmachiche, J. Louis and D. Martinez-Pedrera, arXiv:0802.0410 [hep-th].

[6] K. Behrndt and M. Cvetic, “General N = 1 supersymmetric flux vacua of (massive) type IIA string theory,” Phys. Rev. Lett. 95, 021601 (2005) [arXiv:hepth/0403049]. P. Koerber, D. Lust and D. Tsimpis, arXiv:0804.0614 [hep-th].

[7] T. House and E. Palti, “Effective action of (massive) IIA on manifolds with SU(3) structure,” Phys. Rev. D 72, 026004 (2005) [arXiv:hep-th/0505177].

[8] T. R. Govindarajan, A. S. Joshipura, S. D. Rindani and U. Sarkar, “Supersymmetric compactification of the heterotic string on coset spaces,” Phys. Rev. Lett. 57, 2489 (1986). D. Lust, “Compactification Of Ten-Dimensional Superstring Theories Over Ricci Flat Coset Spaces,” Nucl. Phys. B 276, 220 (1986); T. R. Govindarajan, A. S. Joshipura, S. D. Rindani and U. Sarkar, “Coset Spaces As Alternatives To Calabi-Yau Spaces In The Presence Of Gaugino Condensation,” Int. J. Mod. Phys. A 2, 797 (1987). L. Castellani and D. Lust, “Superstring compactification on homogeneous coset spaces with torsion,” Nucl. Phys. B 296, 143 (1988).

[9] A. Micu, Phys. Rev. D 70, 126002 (2004) [arXiv:hep-th/0409008].

[10] A. R. Frey and M. Lippert, Phys. Rev. D 72, 126001 (2005) [arXiv:hepth/0507202].

[11] P. Manousselis, N. Prezas and G. Zoupanos, “Supersymmetric compactifications of heterotic strings with fluxes and condensates,” Nucl. Phys. B 739, 85 (2006) [arXiv:hep-th/0511122].

[12] A. K. Kashani-Poor, “Nearly Kaehler Reduction,” JHEP 0711, 026 (2007) [arXiv:0709.4482 [hep-th]].

[13] C. Caviezel, P. Koerber, S. Kors, D. Lust, D. Tsimpis and M. Zagermann, “The effective theory of type IIA AdS4 compactifications on nilmanifolds and cosets,” arXiv:0806.3458 [hep-th].

[14] G. F. Chapline and N. S. Manton, “Unification Of Yang-Mills Theory And Supergravity In Ten-Dimensions,” Phys. Lett. B 120, 105 (1983).

[15] M. Grana, Phys. Rept. 423, 91 (2006) [arXiv:hep-th/0509003].

[16] A. Chatzistavrakidis, P. Manousselis, N. Prezas and G. Zoupanos, “On the consistency of coset space dimensional reduction,” arXiv:0708.3222 [hep-th].

[17] A. Chatzistavrakidis, P. Manousselis, N. Prezas and G. Zoupanos, Fortsch. Phys.

56 (2008) 389 [arXiv:0712.2717 [hep-th]].

[18] R. Coquereaux and A. Jadczyk, “Consistency of the g invariant kaluza-klein scheme,” Nucl. Phys. B 276, 617 (1986).

[19] M. Cvetic, G. W. Gibbons, H. Lu and C. N. Pope, Class. Quant. Grav. 20 (2003) 5161 [arXiv:hep-th/0306043].

[20] F. Mueller-Hoissen and R. Stuckl, “Coset spaces and ten-dimensional unified theories,” Class. Quant. Grav. 5, 27 (1988).

[21] A. B. Lahanas and D. V. Nanopoulos, Phys. Rept. 145, 1 (1987). J. R. Ellis, C. Kounnas and D. V. Nanopoulos, Nucl. Phys. B 247, 373 (1984). E. Cremmer, S. Ferrara, C. Kounnas and D. V. Nanopoulos, Phys. Lett. B 133 (1983) 61.

[22] B. de Wit, D. J. Smit and N. D. Hari Dass, Nucl. Phys. B 283 (1987) 165.

[23] A. Strominger, Nucl. Phys. B 274 (1986) 253.

[24] D. Kapetanakis and G. Zoupanos, “Coset Space Dimensional Reduction Of Gauge Theories,” Phys. Rept. 219, 1 (1992). Yu. A. Kubyshin, I. P. Volobuev, J. M. Mourao and G. Rudolph, Leipzig Univ. - KMU-NTZ-89-07 (89,REC.SEP.) 80p