arXiv:hep-th/0412063 v1 7 Dec 2004

CERN-PH-TH/2004-245 DESY-04-234

Scalar potential for the gauged Heisenberg algebra and a non–polynomial antisymmetric tensor theory

R. D’Auria^§, S. Ferrara^♯, M. Trigiante^§, S. Vaulà^♮

§Dipartimento di Fisica, Politecnico di Torino C.so Duca degli Abruzzi, 24, I-10129 Torino Istituto Nazionale di Fisica Nucleare, Sezione di Torino, Italy E-mail: riccardo.dauria@polito.it, mario.trigiante@polito.it

♯CERN, Physics Department, CH 1211 Geneva 23, Switzerland.

INFN, Laboratori Nucleari di Frascati, Italy E-mail: sergio.ferrara@cern.ch

♮DESY, Theory Group Notkestrasse 85, Lab. 2a D-22603 Hamburg, Germany II. Institut für Theoretische Physik, Luruper Chaussee 149, D-22761 Hamburg, Germany E-mail: silvia.vaula@desy.de

Abstract We study some issues related to the effective theory of Calabi–Yau compactifications with fluxes in Type II theories. At first the scalar potential for a generic electric abelian gauging of the Heisenberg algebra, underlying all possible gaugings of RR isometries, is presented and shown to exhibit, in some circumstances, a “dual” no–scale structure under the interchange of hypermultiplets and vector multiplets. Subsequently a new setting of such theories, when all RR scalars are dualized into antisymmetric tensors, is discussed. This formulation falls in the class of non–polynomial tensor theories considered long ago by Freedman and Townsend and it may be relevant for the introduction of both electric and magnetic charges.

1. Introduction

In a recent paper [1] we have proposed a representation of Calabi–Yau compactifications with fluxes as gauged supergravity where the gauge group is embedded in the Heisenberg algebra of the 2 h_1 + 3 isometries [2, 3, 4] (recall that according to our conventions h_1 = h_{11}, h_2 = h_{12} in Type IIB setting while h_1 = h_{12}, h_2 = h_{11} in Type IIA) corresponding to the R–R scalars and the scalar field a dual to the NS 2–form B_{μν} . The Heisenberg algebra has the following symplectic structure:

[X_A, X_B ] = −2 C_{AB} Z , (1)

where X_A = {X^Λ, X_Λ}, Λ = 1, . . . , h_1 + 1 and C_{AB} is the symplectic invariant matrix: C^Λ_Σ = −C_Σ^Λ = δ^Λ_Σ, C_{ΛΣ} = C^{ΛΣ} = 0. For the sake of simplicity it will be useful in the sequel to extend the index A to an index m = {0, A} = 0, . . . , h_1 + 1, so that, defining X_0 = Z , equation (1) can be rewritten in the form [X_m, X_n] = f_{mn}^p X_p, where the only non vanishing components of the structure constants are: f_{AB}^0 = −2 C_{AB} .

It is straightforward to see that gauging this algebra by h_2 vectors corresponds to defining the following gauge generators:

T_I = e_I^A X_A + c_I Z = e_I^m X_m , (2)

where e_I^0 = c_I and I = 0, . . . , h_2. The gauge algebra {T_I } closes within the Heisenberg algebra, with structure constants f_{IJ}^K , namely [T_I , T_J ] = f_{IJ}^K T_K , only if the following conditions are satisfied:

e_I^m e_J^n f_{mn}^p = f_{IJ}^K e_K^p , f_{IJ}^K e_K^A = 0 . (3)

In what follows we shall need to restrict ourselves to an abelian gauge algebra, namely [T_I , T_J ] = 0. In this case the “electric” charges e_I^m satisfy the trivial–cocycle condition [1]:

e_I^m e_J^n f_{mn}^k = −2 e_I^A e_{J A} = 0 . (4)

The N = 2 scalar potential for such general electric gauging is then constructed using the standard formulae of N = 2 supergravity [5]. On the other hand if the scalar a is dualized into the 2–form B_{μν} , the residual algebra associated to the generators X_A becomes abelian: [X_A, X_B ] = 0. This reflects the fact that in the Lagrangian all the scalar fields V_A = {ζ^Λ, ζ̃_Λ} parametrizing X_A appear covered by derivatives and the coupling to the B field dV_A ∧ dV^A ∧ B , (5) is invariant under V_A → V_A + const. and B → B + dΛ.

When the Lagrangian is written in such form one can use Poincaré duality between 1 and 3-forms in four dimensions to obtain a dual Lagrangian which involves tensor fields B_m = {B^Λ, B_Λ, B_0}, where B_0 = B, B_Λ are dual to ζ^Λ and B^Λ dual to ζ̃_Λ. The coupling (5) gives rise to a non–polynomial theory when Poincaré duality is used and this reflects the non–abelian structure of the original Heisenberg algebra written in (1). This makes contact with an old work by Freedman and Townsend [6] where a non–abelian tensor gauge theory was formulated and also the coupling to gauge fields (associated to a semisimple gauge group) discussed.

The paper is organized as follows:

In section 2 we exhibit the form of the scalar potential for a generic electric (abelian) gauging of the Heisenberg algebra and obtain a structure which, for some particular choice for the electric fluxes, reproduces the scalar potential derived in the context of Type IIA,B compactifications [7, 8, 9, 10, 11, 12, 13, 14] on half–flat manifolds with NS fluxes [16, 15, 17].

A dual structure is found in the potential when the Heisenberg algebra of the special quaternionic isometries is gauged. This allows to prove, as an example, that in the case in which e_I^Λ = 0 the potential for e_{IΛ} = e_{I0}, with cubic special geometry for the vector sector, has the same no–scale structure as the potential for e_{IΛ} = e_{0Λ} and cubic special geometry for the hypermultiplets. This allows to prove the equivalence between compactifications on a half–flat Calabi–Yau manifold and compactifications in the presence of NS fluxes on the mirror manifold. The antisymmetric tensor formulation should allow to describe theories were both electric and magnetic charges are introduced [18, 19, 20], thus realizing a completely Sp(2 h_2 + 2) × Sp(2 h_1 + 2) duality invariant scalar potential, which contain all the previous examples as particular cases.

2. Scalar potential with electric fluxes

Let us start by introducing some notations. The scalars of a special quaternionic manifold are denoted by:

q^u = {ϕ, a, ζ^Λ, ζ̃_Λ, Z^Λ} ; Λ = 0, . . . , h_1 , (6)

where, from Type IIB point of view, a is the scalar dual to the 2–form NS tensor B_{μν} , ζ^0 = C_{(0)}, ζ^Λ = C^Λ_{(2)} (Λ ≠ 0), ζ̃_0 is dual to C_{μν} , ζ̃_Λ = C_{(4) Λ} (Λ ≠ 0), ϕ is the four– dimensional dilaton and Z^Λ is the projective special coordinate vector describing the remaining NS moduli z^a (a = 1, . . . , h_1): Z^0 = 1, Z^a = z^a. As anticipated in the introduction, there exists a subgroup of the isometry group generated by a Heisenberg algebra {X^Λ, X_Λ, Z }, whose action of the hyperscalars has the following form:

δζ^Λ = α^Λ , δζ̃_Λ = β_Λ , δa = γ + α^Λζ̃_Λ − β_Λζ^Λ , (7)

and whose structure is^1: [ X^Λ, X_Σ ] = −2 δ^Λ_Σ Z , [ X^Λ, X^Σ ] = [X_Λ, X_Σ] = [ X^Λ, Z ] = [X_Λ, Z ] = 0 . (8)

The gauge generators T_I (I = 0, . . . , h_2) have the following form in terms of the Heisenberg isometries:

T_I = e_I^Λ X_Λ − e_{IΛ} X^Λ + c_I Z , (9)

and the corresponding Killing vectors are:

k_I = (c_I + e_I^Λ ζ̃_Λ − e_{IΛ} ζ^Λ) ∂ ∂a + e_I^Λ ∂ ∂ζ^Λ + e_{IΛ} ∂ ∂ζ̃_Λ . (10)

The general form of the N = 2 scalar potential is [5]:

V = 4 h_{uv} k^u_I k^v_J L^I L^J + g_{ij̄} k^i_I k^{j̄}_J L^I L^J + (U^{IJ} − 3 L^I L^J )P^x_I P^x_J , (11)

where L^I are the upper components of the covariantly holomorphic symplectic section of the special Kähler manifold, k^u_I and k^i_I are respectively the quaternionic and special Kähler Killing vectors and U^{IJ} denotes the matrix [5]: U^{IJ} = − 1 2 Im(N )^{−1 IJ} − L^I L^J = D_iL^J D¯_j L^J g^{ij̄} , (12)

h_{uv} , g_i¯_j being the metrics of the hyper– and vector multiplet geometries. The second term in (11) does not contribute to the gauging we are considering, which involves quaternionic isometries only. The expression for the momentum maps P^x_J is [22, 23]:

P^x_I = k^u_I ω^x_u , (13)

where ω^x is the SU(2) connection. This form is Heisenberg–invariant and so is therefore the SU(2) curvature. This justifies the absence of a compensator on the right hand side of eq. (13).

1Note that, when extending the Heisenberg algebra with the Cartan generator corresponding to the ϕ coordinate, one obtains the 2 h_1 + 4 dimensional solvable algebra generating the symmetric coset SU(1, 2 + h_1)/U(1) × SU(2 + h_1) [21]. This is the minimal number of isometries of a special quaternionic manifold.

The NS scalars Z^Λ parametrize a special Kähler submanifold of the quaternionic manifold. It is useful to characterize this manifold in terms of a Kähler potential K, a prepotential F and period matrix^2:

M = i N_s , (14)

where N_s is the period matrix as defined in [2] and M is the matrix used in e.g. [16] and K being the Kähler potential associated with it. Let us define the following forms: v = e^{K̃} [dϕ − i (da + ζ̃^T dζ − ζ^T dζ̃)] , u = 2i e^{K̃+K̂2} Z^T (M dζ + dζ̃) , E = i e^{K̃−K̂2} P N^{−1} (M dζ + dζ̃) , e = P dZ , (15) where

e^{K̃} = 1 2ϕ = e^{2 φ} 2 , ; e^{K̂} = 1 2Z̄NZ = e^K 2 , (16)

and φ denotes the four dimensional dilaton. The matrices P and N are defined as follows:

P^σ_0 = −e_λ^σZ^λ ; P^σ_λ = e_λ^σ (λ = 1, . . . , h_1) , (17)

N_{ΛΣ} = 1 2 Re( ∂^2F ∂Z^Λ∂Z^Σ

) . (18)

e_λ^σ being the vielbein of the special Kähler manifold embedded in the quaternionic manifold (the underlined indices being the rigid ones).

The metric on the quaternionic manifold reads [1]:

ds^2 = v̄ v + ū u + Ē E + ē e = = K_a¯_b dz^a dz̄^{b̄} + 1 4 ϕ^2

(dϕ)^2 + 1 4 ϕ^2 (da + dV × V )^2 − 1 2 ϕ dV M dV , (19) where the symplectic matrix M is defined as follows: M = ( 11 R 0 11 ) ( I 0 0 I^{−1} ) ( 11 0 R 11 ) ; R = Re(M), I = Im(M) , (20)

and V denotes the symplectic section: V = ( ζ^Λ ζ̃_Λ ) . It is useful to rewrite the scalar potential in two equivalent ways:

V = 4 h_{uv} k^u_I k^v_J L^I L^J + (U^{IJ} − 3 L^I L^J ) k^u_I k^v_J ω^x_u ω^x_v , (21) V = − 1 2 ImN^{−1IJ} k^u_I k^v_J ω^x_u ω^x_v + 4 (h_{uv} − ω^x_u ω^x_v ) k^u_I k^v_J L^I L^J . (22)

2Note that the Kähler potential K_{SK} and period matrix N_{SK} , defined according to the conventions for special Kähler manifolds adopted for instance in [5], are related to the corresponding quantities in (14) in the following way: e^{KSK} =^{eK}_4 ; N_{SK} =^1_4 M

In order to evaluate the expression on the right hand side of eq. (22) it is useful to compute the following quantity:

G_{IJ} = k^u_I k^v_J (h_{uv} − ω^x_u ω^x_v ) = k^u_I k^v_J [v̄ v + ū u + Ē E − (v̄ v + 4 ū u)]_{uv} . (23)

Using the following notation:

r_I = c_I + 2 (e_I^Λ ζ̃_Λ − e_{IΛ} ζ^Λ) ; s_{IΛ} = e_{IΛ} + e_I^Σ M_{ΣΛ} , (24)

we can express G_{IJ} as follows:

G_{IJ} = 2 e^{K̃} s̄_{IΛ} s_{JΣ} ( U − 3 L^† L )_{ΛΣ} ; U = − I 2 − L^† L ; L = e^{K2} Z . (25)

In deriving the above expression for G_{IJ} we made use of the following properties:

N^{−1}P^†P N^{−1} = e^K (−N^{−1} + L^T L) , − I 2 = −N^{−1} + L^T L + L^† L . (26)

Now we can evaluate the two equivalent expressions for the scalar potential given in eqs. (21) and (22): V = L^I L^J [ 1 ϕ^2

(c_I + 2 e_I × V ) (c_J + 2 e_J × V ) − 2 ϕ e_I M e_J ] + + 1 2 ϕ (U − 3 L^†L)^{(IJ)} ( 1 2 ϕ r_I r_J + 8 s̄_{IΛ} s_{JΣ} L^ΛL^Σ ) , (27) V = − 1 4 ϕ ImN^{−1IJ} ( 1 2 ϕ r_I r_J + 8 s̄_{IΛ} s_{JΣ} L^ΛL^Σ ) + + 4 ϕ L^I L^J s̄_{(I|Λ} s_{J)Σ} ( U − 3 L^† L )_{ΛΣ} , (28)

where we have introduced the following vectors: e_I = ( e_I^Λ e_{IΛ} ) . The first equation (27) is useful for those gaugings which involve just the graviphoton A^0_μ, e.g. Type IIA with NS flux or Type IIB on a half–flat “mirror” manifold. Indeed in these cases the term in the second line of (27) does not contribute for cubic special geometries in the vector multiplet sector since [5]:

(U − 3 L^†L)^{00} = 0 . (29)

Similarly the expression (28) is of particular use for those gaugings which involve only isometries Λ = 0, like for instance Type IIA on a half–flat manifold or Type IIB on the “mirror” manifold with NS flux since, for cubic special quaternionic geometries: ( U − 3 L^† L )_{00}

= 0 ⇒ e^K = − 1 8 (I^{−1})^{00}. (30)

In both cases the expressions for the potential reduce to those given in [16, 15].

3. The non–polynomial antisymmetric tensor Lagrangian

In this section we discuss the dualization of the special quaternionic σ–model when the 2 h_1 + 3 scalars, parametrizing the Heisenberg algebra are dualized into (2–form) antisymmetric tensors. Let us start with the Lagrangian for the Heisenberg scalars (a, ζ^Λ, ζ̃_Λ) as given in [1]. In order to dualize the scalar a into the NS two form B_{μν} we substitute da by the unconstrained 1–form η and add a further term: L = − 1 4 ϕ^2 (η + dV × V ) ∧ ⋆(η + dV × V ) + 1 2 ϕ dV^A ∧ ⋆ M_{AB} dV^B + H ∧ (η − da) . (31) H being a 3–form Lagrange multiplier. Integrating out η we obtain the dual Lagrangian: L = −ϕ^2 H ∧ ⋆H + 1 2 ϕ dV^A ∧ ⋆ M_{AB} dV^B − dV × dV ∧ B . (32) We see that upon dualization of the scalar a all the R–R scalars appear covered by derivatives, so that we may perform a further dualization. This is achieved by substituting in (32) dV^A by v^A, adding the Lagrange multiplier term (v^A − dV^A) ∧ G_A, G_A being a set of 3–forms, and integrating out v^A. We find: 1 ϕ M_{AB} ⋆ v^B + f_{AB}^0 v^B ∧ B_0 + G_A = 0 . (33)

Denoting by G^μ_A = ϵ^{μνρσ} G_{νρσ A}, the above equation in tensor components reads: G_{μA} = K_{Aμ, Bν} v^{νB} , (34) K_{μA, νB} = Δ_{AB} g_{μν} − f_{AB}^0 ϵ_{μνρσ} B^{ρσ}_0 , (35) Δ_{AB} = 1 ϕ M_{AB} , (36)

where B_{μν 0} = B_{μν} . Upon implementation of eq. (33) the dual Lagrangian can be computed to be:

L_D = −ϕ^2 H ∧ ⋆H + 1 2 G_{μA} K̃^{μA, νB} G_{νB} , K_{μA, νB} K̃^{Bν, Cρ} = δ^C_A δ^ρ_μ . (37) This Lagrangian has the form of the non–polynomial model discussed in [6]. Using the above notations eq. (34) can be inverted to give: v^{μA} = K̃^{Aμ, Bν} G_{νB} . (38) We may now derive the equations of motion and the invariance of the Lagrangian (37). In order to compute the variation of the Lagrangian corresponding to an arbitrary variation of the tensor fields B, B_A, it is convenient to express the various terms in the variation in terms of the composite fields v^A using equation (34). One then obtains:

δL_D = F^0 ∧ δB_0 + F^A ∧ δB_A , (39) F^0 = dv^0 + 1 2 f_{AB}^0 v^A ∧ v^B = dv^0 − C_{AB} v^A ∧ v^B ; F^A = dv^A . (40) The equations of motion therefore read:

F^0 = F^A = 0 . (41) Furthermore, using eq. (39), one can check that the Lagrangian (37) is invariant, up to total derivatives, under the following tensor–gauge transformation:

δB_0 = Dξ_0 = dξ_0 ; δB_A = Dξ_a = dξ_A + f_{AB}^0 v^B ξ_0 = dξ_A − 2 C_{AB} v^B ξ_0 . (42) Following [6], the dual Lagrangian (37) can be written in a polynomial form by adopting a first order formalism in which the fields v^A are treated as independent of B_A. In this formulation the Lagrangian can be written in the following form:

L^{(1)}_D = −ϕ^2 H ∧ ⋆H + 1 2 Δ_{AB} v^A ∧ ⋆v^B + B_0 ∧ F^0 + B_A ∧ F^A . (43) Indeed the equation of motion for v^A yields the relation (34) which, if substituted in L^{(1)}_D , reproduces the second order Lagrangian L_D. As already noted in [6], the tensor–gauge invariance of the first order Lagrangian is much simpler since the corresponding variations are now written in the following form:

δB_0 = dξ_0 ; δB_A = Dξ_A ; δv^A = 0 , (44) and such gauge transformations are of course abelian.

The N = 2 supersymmetric completion of the non–polynomial Lagrangian (37) is not straightforward and should involve the self–coupling of the h_1 double–tensor multiplet with a triple–tensor multiplet (the latter originating from the universal hypermultiplet [24]).

Gauging of the model in the presence of RR fluxes.

We can now try to couple the model to h_2 + 1 vector fields through electric and magnetic charges e_I^m = {e_I^0, e_I^A}, m^{Im} = {m^{I0}, m^{IA}}. Introducing only R–R charges e_I^0, m^{I0} poses no problem and the gauged Lagrangian has the form:

L^{(1)}_g = −ϕ^2 H ∧ ⋆H + 1 2 Δ_{AB} v^A ∧ ⋆v^B + B_0 ∧ F^0 + B_A ∧ F^A − − 1 2 Im(N )_{IJ} (dA^I + m^{I0} B_0) ∧ ⋆(dA^I + m^{I0} B_0) + +Re(N )_{IJ} (dA^I + m^{I0} B_0) ∧ (dA^I + m^{I0} B_0) − e_I^0 B_0 ∧ (dA^I + 1 2 m^{I0} B_0) .(45) (46)

If one prefers to work in the second order formalism, it suffices to use for v^A the expression derived from eq. (34), all the terms not containing v in (45) being left unchanged. The Lagrangian (45) is clearly invariant under the following tensor–gauge transformation:

δB_0 = dξ_0 ; δB_A = Dξ_A ; δA^I = −m^{I0} dξ_0 ; δv^A = 0 , (47)

and vector–gauge transformations:

δB_0 = δB_A = δv^A = 0 ; δA^I = dλ^I . (48)

The introduction of the remaining charges is more problematic and is left to future investigations.

4. Concluding remarks

In this paper we have investigated different aspects of Calabi–Yau compactifications to four dimensions in the presence of fluxes and their interpretation in terms of N = 2 massive supergravities. When the quaternionic manifold is of special type, as it occurs in N = 2 theories encompassing these compactifications, the scalar potential in the presence of cubic special geometries has a dual no–scale structure for certain choices of fluxes. These choices allow to reproduce on general grounds some computations of the scalar potential coming from half–flat manifolds or theories with NS flux [15, 16, 17].

In an attempt to introduce further fluxes, corresponding to magnetic charges, it is natural to consider a dual form of the special quaternionic geometry in which the Heisenberg scalars are replaced by antisymmetric tensors. This results in a non–polynomial tensor theory à la Freedman and Townsend [6] which has a manifest symplectic invariance under the tensor–gauge transformation given in (44) and (42). We note that the non–polynomial antisymmetric tensor theory only contains as scalars the dilaton φ in addition to NS Calabi–Yau h_1 complex deformations encoded in the special geometry of the original special quaternionic manifold. When this system is coupled to vector multiplets, a manifest Sp(2 h_1 + 2) × Sp(2 h_2 + 2) of the mirror special geometries is exhibited. The possibility of adding electric and magnetic fluxes in this framework will be discussed elsewhere.

5. Acknowledgments

R.D., M.T. and S.V. would like to thank the Physics Department of CERN, where part of this work was done, for its kind hospitality. S.F. would like to thank the Physics Department of Politecnico di Torino for its kind hospitality and the restaurant “Le Tre Galline”.

Work supported in part by the European Community’s Human Potential Program under contract MRTN-CT-2004-005104 ‘Constituents, fundamental forces and symmetries of the universe’, in which R. D’A. and M.T. are associated to Torino University. The work of S.F. has been supported in part by European Community’s Human Potential Program under contract MRTN-CT-2004-005104 ‘Constituents, fundamental forces and symmetries of the universe’, in association with INFN Frascati National Laboratories and by D.O.E. grant DE-FG03-91ER40662, Task C. The work of S.V. has been supported by DFG – The German Science Foundation, DAAD – the German Academic Exchange Service and by the European Community’s Human Potential Program under contract HPRN-CT-2000-00131.

References

[1] R. D’Auria, S. Ferrara, M. Trigiante and S. Vaulà, “Gauging the Heisenberg algebra of special quaternionic manifolds,” arXiv:hep-th/0410290.

[2] S. Ferrara and S. Sabharwal, “Quaternionic Manifolds for Type II Superstring Vacua of Calabi-Yau Spaces,” Nucl. Phys. B 332 (1990) 317.

[3] B. de Wit and A. Van Proeyen, “Symmetries of Dual Quaternionic Manifolds,” Phys.

Lett. B 252 (1990) 221.

[4] B. de Wit, F. Vanderseypen and A. Van Proeyen, “Symmetry structure of special geometries,” Nucl. Phys. B 400 (1993) 463 [arXiv:hep-th/9210068].

[5] L. Andrianopoli, M. Bertolini, A. Ceresole, R. D’Auria, S. Ferrara, P. Fre and T. Magri, “N = 2 supergravity and N = 2 super Yang-Mills theory on general scalar J. Geom. Phys. 23 (1997) 111 [arXiv:hep-th/9605032].

[6] D. Z. Freedman and P. K. Townsend, “Antisymmetric Tensor Gauge Theories And Nonlinear Sigma Models,” Nucl. Phys. B 177 (1981) 282.

[7] M. Bodner, A. C. Cadavid and S. Ferrara, “(2,2) Vacuum Configurations For Type IIA Superstrings: N=2 Supergravity Class. Quant. Grav. 8 (1991) 789.

[8] J. Michelson, “Compactifications of type IIB strings to four dimensions with nontrivial Nucl. Phys. B 495 (1997) 127 [arXiv:hep-th/9610151].

[9] R. Bohm, H. Gunther, C. Herrmann and J. Louis, “Compactification of type IIB string theory on Calabi-Yau threefolds,” Nucl. Phys. B 569 (2000) 229 [arXiv:hep-th/9908007].

[10] G. Curio, A. Klemm, D. Lust and S. Theisen, “On the vacuum structure of type II string compactifications on Calabi-Yau Nucl. Phys. B 609 (2001) 3 [arXiv:hep-th/0012213].

[11] G. Dall’Agata, “Type IIB supergravity compactified on a Calabi-Yau manifold with H-fluxes,” JHEP 0111 (2001) 005 [arXiv:hep-th/0107264].

[12] J. Louis and A. Micu, “Type II theories compactified on Calabi-Yau threefolds in the presence of Nucl. Phys. B 635, 395 (2002) [arXiv:hep-th/0202168].

[13] S. Kachru and A. K. Kashani-Poor, “Moduli potentials in type IIA compactifications with RR and NS flux,” arXiv:hep-th/0411279.

[14] J. P. Derendinger, C. Kounnas, P. M. Petropoulos and F. Zwirner, “Superpotentials in IIA compactifications with general fluxes,” arXiv:hep-th/0411276.

[15] S. Gurrieri and A. Micu, “Type IIB theory on half-flat manifolds,” Class. Quant.

Grav. 20 (2003) 2181 [arXiv:hep-th/0212278].

[16] S. Gurrieri, J. Louis, A. Micu and D. Waldram, “Mirror symmetry in generalized Calabi-Yau compactifications,” Nucl. Phys. B 654 (2003) 61 [arXiv:hep-th/0211102].

[17] S. Chiossi, S. Salamon, Proc. conf. Differential Geometry Valencia 2001, Differential Geometry, Valencia 2001, World Sci. Publishing, 2002, pp 115-133; G. L. Cardoso, G. Curio, G. Dall’Agata, D. Lust, P. Manousselis and G. Zoupanos, “Non- Kaehler string backgrounds and their five torsion classes,” Nucl. Phys. B 652 (2003) 5 [arXiv:hep-th/0211118]; S. Fidanza, R. Minasian and A. Tomasiello, “Mirror symmetric SU(3)-structure manifolds with NS fluxes,” arXiv:hep-th/0311122.

[18] G. Dall’Agata, R. D’Auria, L. Sommovigo and S. Vaulà, “D = 4, N = 2 gauged supergravity in the presence of tensor multiplets,” Nucl. Phys. B 682, 243 (2004) [arXiv:hep-th/0312210]; R. D’Auria, L. Sommovigo and S. Vaulà, “N = 2 supergravity Lagrangian coupled to tensor multiplets with electric and arXiv:hep-th/0409097; L. Sommovigo and S. Vaulà, Phys. Lett. B 602, 130-136 (2004) “D = 4, N = 2 supergravity with Abelian electric and magnetic charge,” arXiv:hep-th/0407205.

[19] R. D’Auria and S. Ferrara, “Dyonic masses from conformal field strengths in D even dimensions,” arXiv:hep-th/0410051.

[20] J. Louis and W. Schulgin, “Massive tensor multiplets in N = 1 supersymmetry,” arXiv:hep-th/0410149.

[21] L. Andrianopoli, R. D’Auria, S. Ferrara, P. Fre and M. Trigiante, “R-R scalars, U-duality and solvable Lie algebras,” Nucl. Phys. B 496 (1997) 617 [arXiv:hep-th/9611014].

[22] K. Galicki, “A Generalization Of The Momentum Mapping Construction For Quaternionic Kahler Commun. Math. Phys. 108 (1987) 117.

[23] R. D’Auria, S. Ferrara and P. Fre, “Special And Quaternionic Isometries: General Couplings In N=2 Supergravity Nucl. Phys. B 359 (1991) 705.

[24] S. Cecotti, S. Ferrara and L. Girardello, “Geometry Of Type II Superstrings and The Moduli of Superconformal Field Theories,” Int. J. Mod. Phys. A 4 (1989) 2475.