arXiv:hep-th/0112192 v1 20 Dec 2001

CERN-TH/2001-376 hep-th/0112192 December, 2001

Consistent reduction of N = 2 → N = 1 four dimensional supergravity coupled to matter

Laura Andrianopoli^1, Riccardo D’Auria^1 and Sergio Ferrara^{1,2,3,4}

1 Dipartimento di Fisica, Politecnico di Torino, Corso Duca degli Abruzzi 24, I-10129 Torino and Istituto Nazionale di Fisica Nucleare (INFN) - Sezione di Torino, Italy 2 CERN Theoretical Division, CH 1211 Geneva 23, Switzerland 3 Istituto Nazionale di Fisica Nucleare (INFN) - Laboratori Nazionali di Frascati 4 Department of Physics & Astronomy, University of California, Los Angeles, U.S.A.

Abstract: We analyze the constraints which follow both on the geometry and on the gauge sector for a consistent supergravity reduction of a general matter–coupled N = 2 supergravity theory in four dimensions. These constraints can be derived in an elegant way by looking at the fermionic sector of the theory.

In this note we analyze the constraints which arise from a consistent reduction of N = 2 matter coupled supergravity [1],[2],[3], with arbitrary gauging, to N = 1 standard matter coupled supergravity [4],[5].

This study may find applications in many physical situations, as partial supersymmetry breaking [6],[7], brane supersymmetry reduction [8],[9], string or M- theories in presence of H-fluxes [10] – [20].

The main reason why a consistent reduction gives non trivial constraints on the matter sector is due to the fact that the second gravitino must be consistently eliminated from the spectrum. This implies a condition:

δ_{ϵ1} ψ_{2μ} = 0|_{ϵ2 =0} (0.1)

which must be integrable.

In a general rigid supersymmetric theory the reduction N = 2 → N = 1 would give no constraint in the number of matter multiplets, but only some restriction on their interactions. However this is not the case in local supersymmetry because the second gravitino multiplet generates some non linear couplings, which are required to be absent if a consistent reduction may occur.

A full derivation of these constraints, also in higher N theories, was given recently [21] by looking at the bosonic terms in the local supersymmetry variations of the fermions.

However, in the full-fledged N = 2 theory [3], the very same variations contain three fermion terms: δf ∼ ffϵ (0.2) other that the bosonic terms δf ∼ bϵ (0.3) (here f and b denote generic fermion and boson fields).

These terms, in the component formulation, have two different origins. They come either from supercovariantization of bosonic terms containing derivatives (such as all connection terms both of space-time and of the scalar σ-model) or by elimination of “auxiliary fields” (or, in superspace, by solving Bianchi identities of the gravitational multiplet coupled to the matter multiplets.) [3].

Note that these terms are crucial in the proof of local supersymmetry of the lagrangian, since they induce five-fermion terms in the supersymmetry variation of the lagrangian δ_ϵL = ffffϵ (0.4) which must vanish by Fierz identities since they are purely algebraic. The constraints on the three-fermion terms (0.2) are much simpler to analyze since fermions have simple transformation properties under the local symmetries of the theory. By close inspection of these terms one can indeed obtain a reduction of the matter sector which is precisely what is obtained, by supersymmetry, from the constraints on the reduced geometry analyzed in [21].

We further note that the fermionic terms in the supersymmetry variations do not depend on the gauging of the theory, so that the restriction on the terms coming from the gauging must be still analyzed separately and here we simply report their implications on the reduced N = 1 theory, as found in [21]. However, the consistency of the reduction in presence of gauging of any isometry of the scalar manifold reflects, by supersymmetry, in the occurrence of generalized Yukawa interactions, i.e. fermion bilinear in the lagrangian. The consistent truncation requires that all such terms, which are linear in the fermions which are deleted, may not survive the reduction. This is seen to be a consequence of the performed reduction.

In this note we will analyze the reduction of the fermionic terms in the supersymmetry variations and in the lagrangian, showing that the results obtained are in perfect agreement with those found at the bosonic level in [21].

1 Fermionic contributions

The supersymmetry reduction N = 2 → N = 1 is obtained by truncating the N = 1 spin 3/2 multiplet containing the second gravitino ψ_{μ2} and the graviphoton.

Here and in the following we use the notations both for N = 2 and N = 1 supergravity as given in reference [22], the only differences being that we use here world indices I, I = 1, · · · , n_V and boldfaced gauge indices Λ = 0, 1, · · · , n_V for quantities in the N = 2 vector multiplets since we want to reserve the notation Λ and i, ı for the indices of the reduced N = 1 theory (see reference [21]).

Let us write down the complete supersymmetry transformation laws of the N = 2 theory, including 3-fermions terms [3]:

Supergravity transformation rules of the (left–handed) Fermi fields:

δ ψ_{Aμ} = ^∇_μ ϵ_A + [ i g S_{AB} η_{μν} + ε_{AB} ( T^−_{μν} + U^+_{μν} )] γ^ν ϵ^B + + ( A^B_{μA} + γ_{μν} A^{′ν B}_A ) ϵ_B − 1 4 ( ∂_J Kλ^{J B}ϵ_B − h.c. ) ψ_{μA} + − ω^B_{A|u} ( U^{αC|u}ζ_αϵ_C + U^u_{αC} ζ^αϵ^C ) ψ_{μB} (1.1) δ λ^{IA} = i ∇_μ z^I γ^μϵ^A + G^{−I}_{μν} γ^{μν} ϵ_Bε^{AB} + gW^{IAB} ϵ_B + + 1 4 ( ∂_J Kλ^{J B}ϵ_B − h.c. ) λ^{IA} − ω^A_{B|u} ( U^{αC|u}ζ_αϵ_C + U^u_{αC} ζ^αϵ^C ) λ^{IB} + − Γ^I_{J K}λ^{KB}ϵ_Bλ^{J A} − iλ^{IB} ψ_{μB}γ^μϵ^A + i 2 g^{IJ} ε^{AB} C_{J KL}λ^K_Bλ^L_C ϵ_Dε^{CD} (1.2) δ ζ_α = i U^{Bβ}_u ∇_μ q^u γ^μϵ^Aε_{AB} C_{αβ} + gN^A_α ϵ_A + + 1 4 ( ∂_J Kλ^{J B}ϵ_B − h.c. ) ζ_α − Δ^β_{α|u} ( U^{γA|u}ζ_γ ϵ_A + U^u_{γA}ζ^γ ϵ^A ) ζ_β +

− iζ_αψ_{μA}γ^μϵ^A (1.3)

Supergravity transformation rules of the Bose fields:

δ V^a_μ = −i ψ_{Aμ} γ^a ϵ^A − i ψ^A_μ γ^a ϵ_A (1.4) δ A^Λ_μ = 2L^Λψ_{Aμ}ϵ_Bϵ^{AB} + 2L^Λψ^A_μ ϵ^Bϵ_{AB}

+ i f^Λ_I λ^{IA}γ_μϵ^B ϵ_{AB} + i f^Λ_I λ^I_Aγ_μϵ_B ϵ^{AB} (1.5) δ z^I = λ^{IA} ϵ_A (1.6) δ z^I = λ^I_Aϵ^A (1.7) δ q^u = U^u_{αA} ( ζ^αϵ^A + C^{αβ}ϵ^{AB} ζ_βϵ_B ) . (1.8)

We have defined:

^∇_μ ϵ_A = D_μϵ_A + ^ω^B_{μ|A} ϵ_B + i 2 ^Q_μϵ_A (1.9) where D denotes the Lorentz covariant derivative (on the spinors, D_μ = ∂_μ −^1_4 ω^{ab}_μ γ_{ab}), and the SU(2) and U(1) 1-form “gauged” connections are respectively given by:

^ω^B_A = ω^B_A + g_{(Λ)} A^Λ P^x_Λ (σ^x)^B_A , (1.10) ^Q = Q + g_{(Λ)} A^Λ P^0_Λ , (1.11) Q = − i 2 ( ∂_I Kdz^I − ∂_I Kdz^I ) (1.12)

ω^B_A , Q are the SU(2) and U(1) composite connections of the ungauged theory. Moreover we have:

∇_μz^I = ∂_μz^I + g_{(Λ)}A^Λ_μ k^I_Λ (1.13) ∇_μq^u = ∂_μq^u + g_{(Λ)}A^Λ_μ k^u_Λ (1.14)

where k^I_Λ and k^u_Λ are the Killing vectors of the N = 2 special-Kähler manifold M^{SK} and of the quaternionic manifold M^Q respectively. They are related to the respective prepotentials by:

k^I_Λ = ig^{IJ} ∂_J P^0_Λ (1.15) k^u_Λ = 1 6λ^2

Ω^{x|vu}∇_vP^x_Λ ; λ = −1 (1.16)

where Ω^x_{uv} is the SU(2)-valued curvature of the connection ω^B_A , λ is the scale of the quaternionic manifold which in our conventions is fixed to the value λ = −1 by supersymmetry (see ref. [3]). The prepotential P^0_Λ satisfies:

P^0_ΛL^Λ = P^0_ΛL^Λ = 0 (1.17)

where L^Λ, together with its magnetic counterpart M_Λ ≡ N_{ΛΣ}L^Λ, is the symplectic section of the Sp(2n_V ) flat bundle over M^{SK} in terms of which the special-Kähler geometry is defined. Note that we use throughout the paper the definition f^Λ_I = ∇_I L^Λ = ∂_I L^Λ + 1 2 ∂_I KL^Λ. T^−_{μν} appearing in the supersymmetry transformation law of the N = 2 lefthanded gravitini is the “dressed” graviphoton defined as:

T^−_{μν} ≡ 2iImN_{ΛΣ}L^Σ [ F^{Λ−}_{μν} + (L^Λψ_{Aμ}ψ_{Bν} ϵ^{AB} + L^Λψ^{Aμ}ψ^{Bν}ϵ_{AB} +

− if^Λ_I λ^I_Aγ_{[ν} ψ_{μ]B}ϵ^{AB})^− + 1 8 ∇_Kf^Λ_L λ^{KA}γ_{μν} λ^{LB} ϵ_{AB} − 1 4 L^ΛC^{αβ}ζ_αγ_{μν} ζ_β ] (1.18)

while

G^{I−}_{μν} ≡ −g^{IJ} ImN_{ΛΣ} f^Σ_J [ F^{Λ−}_{μν} + (L^Λψ_{Aμ}ψ_{Bν} ϵ^{AB} − if^Λ_K λ^{KA}γ_{[ν} ψ^B_{μ]}ϵ_{AB} +

− if^Λ_I λ^I_Aγ_{[ν} ψ_{μ]B}ϵ^{AB} )^− + 1 8 ∇_Kf^Λ_L λ^{KA}γ_{μν} λ^{LB} ϵ_{AB} − 1 4 L^ΛC^{αβ}ζ_αγ_{μν} ζ_β ] (1.19) are the “dressed” field strengths of the vectors inside the vector multiplets (the “minus” apex means taking the self-dual part.). The “auxiliary fields” A^B_{μA} and A^{′ B}_{μA} are defined as: A^B_{μA} = − i 4 g_{IJ} ( λ^I_Aγ^μλ^{J B} − δ^B_A λ^I_C γ^μλ^{J C} ) (1.20) A^{′ B}_{μA} = i 4 g_{IJ} ( λ^I_Aγ^μλ^{J B} − 1 2 δ^B_A λ^I_C γ^μλ^{J C} ) − i 4 δ^B_A ζ_αγ^μζ^α. (1.21)

Moreover the fermionic shifts S_{AB} , W^{I AB} and N^A_α are given in terms of the prepotentials and Killing vectors of the quaternionic geometry as follows:

S_{AB} = i 1 2 P_{AB Λ} L^Λ ≡ i 1 2 P^x_Λσ^x_{AB} L^Λ (1.22)

W^{I AB} = iP^{AB}_Λ g^{IJ} f^Λ_J + ϵ^{AB}k^I_ΛL^Λ (1.23) N^A_α = 2 U^A_{αu} k^u_ΛL^Λ (1.24) N^α_A = −2 U^α_{Au} k^u_ΛL^Λ (1.25) Since we are going to compare the N = 2 reduced theory with the standard N = 1 supergravity, we also quote the supersymmetry transformation laws of the latter theory [23],[4]. We have, up to 3-fermions terms: N = 1 transformation laws

δψ_{•μ} = D_μϵ_• + i 2 ^Q_μϵ_• + iL(z, z)γ_με^• (1.26)

δχ^i = i ( ∂_μz^i + g_{(Λ)}A^Λ_μ k^i_Λ ) γ^με_• + N^iε_• (1.27) δλ^Λ_• = F^{(−)Λ}_{μν} γ^{μν} ε_• + iD^Λε_• (1.28) δV^a_μ = −iψ_•γ_με^• + h.c. (1.29)

δA^Λ_μ = i 1 2 λ^Λ_• γ_με^• + h.c. (1.30) δz^i = χ^iε_• (1.31) where ^Q is defined in a way analogous to the N = 2 definition (1.11) and: L(z, z) = W (z) e^{12 K(1)(z,z)} , ∇_ıL = 0 (1.32) N^i = 2 g^{iȷ} ∇_ȷ L (1.33) D^Λ = −2(Imf_{ΛΣ})^{−1}P_Σ(z, z) (1.34) and W (z), K_{(1)}(z, z), P_Σ(z, z), f_{ΛΣ}(z) are the superpotential, Kähler potential, Killing prepotential and vector kinetic matrix respectively [4], [23], [5]. Note that for the gravitino and gaugino fields we have denoted by a lower (upper) dot left-handed (right-handed) chirality. For the spinors of the chiral multiplets χ, instead, left-handed (right-handed) chirality is encoded via an upper holomorphic (antiholomorphic) world index (χ^i, χ^ı).

Finally, we recall the equations defining special geometry: D_iV = U_i D_iU_j = iC_{ijk}g^{kk} U_k D_iU_ȷ = g_{iȷ}V D_iV = 0 (1.35) where V = (L^Λ, M_Λ) , U_i = D_iV = (f^Λ_i , h_{Λi}) Λ = 0, . . . , n; (1.36) M_Λ = N_{ΛΣ}L^Σ , h_{Λi} = N_{ΛΣ}f^Λ_i (1.37) and N_{ΛΣ} is the kinetic vector matrix.

Gravitino reduction To perform the truncation we set A=1 and 2 successively, putting ψ_{2μ} = ϵ_2 = 0, and we get from equation (1.1):

δ ψ_{1μ} = D_μϵ_1 − ^Q_μϵ_1 − ^ω^1_{μ|1} ϵ_1 + i g S_{11}η_{μν} γ^ν ϵ^1 + ( A^1_{μ1} + γ_{μν} A^{′ν 1}_1 ) ϵ^1 + − ω^1_{1|u} ( U^{α1|u}ζ_αϵ_1 + U^u_{α1}ζ^αϵ^1 ) ψ_{μ1} − 1 4 ( ∂_J Kλ^{J 1}ϵ_1 − h.c. ) ψ_{μ1} (1.38)

while, for consistency:

δ ψ_{2μ} ≡ 0 = − ^ω^1_{μ|2} ϵ_1 + [ i g S_{21}η_{μν} − ( T^−_{μν} + U^+_{μν} )] γ^ν ϵ^1 + + ( A^1_{μ2} + γ_{μν} A^{′ν 1}_2 ) ϵ^1 − ω^1_{2|u} ( U^{α1|u}ζ_αϵ_1 + U^u_{α1}ζ^αϵ^1 ) ψ_{μ1} (1.39)

Comparing (1.26) with (1.38), we learn that we must identify: ψ_{1μ} ≡ ψ_{•μ} (1.40) ϵ_1 ≡ ϵ_•. (1.41) Furthermore, for a consistent truncation we must set to zero all the following structures: T^−_{μν} = 0 (1.42) S_{21} = 0 (1.43) ^ω^1_{μ|2} = 0 (1.44) ^ω^1_{u|2} U^u_{α1}ζ^αϵ^1 = 0 (1.45) U^+_{μν} = − i 4 C_{αβ} ζ^αγ_{μν} ζ^β = 0 (1.46)

A^1_{μ2} = − i 4 g_{IJ} λ^I_2 γ_μλ^{J 1} = −A^{′ 1}_{μ2} = 0 (1.47)

We note that the expression “equal to zero” in (1.42) - (1.47) has to be intended in a weak sense, as a condition to be true on the reduced N = 1 theory.

Let us analyze in particular the constraints (1.42), (1.45), (1.46), (1.47) containing 3 fermions contributions.

We first consider the implications of these constraints on the hypermultiplet sector. Equations (1.46) and (1.42) impose to truncate out half of the hypermultiplets. Indeed, let us decompose the symplectic index α → (I, İ), so that we can write the symplectic matrix C_{αβ} as: ( 0 11_I˙_I −11˙_{II} 0 ) (1.48) Then, equation (1.46) becomes:

δ_I˙_I ζ^I γ_{μν} ζ^İ = 0 (1.49) which is an orthogonality condition between the set of {ζ^I } and {ζ^İ }. A particular solution is to take ζ^I ≠ 0, and then:

ζ^İ = 0, (1.50) that is at least half of the hypermultiplets have to be projected out in the truncation. More generally, we could decompose the indices as I = (f, g); İ = (ḟ, ġ) (with f, ḟ = 1, · · · , k ≤ n_H ; g, ġ = 1, · · · , n_H − k) and, for ζ^f ≠ 0; ζ^ġ ≠ 0 eq. (1.49) gives

ζ^g = 0 ; ζ^ḟ = 0 (1.51)

together with their scalar partners that, as we easily see when looking at the hyperini transformation laws, are respectively:

U^{1g}_u dq^u = 0 ; U^{1ḟ}_u dq^u = 0 ; ( U^{1g} = (U^{2ġ})^∗ ; U^{1ḟ} = (U^{2f} )^∗ ) . (1.52)

However, by a symplectic rotation we can always choose a basis where ġ = 0, f = I. As we will show in the following when looking at the hyperini transformation law reduction, there is no loss of generality by adopting the simpler choice (1.50) (that is ġ = 0, f = I), as we will actually do in the following. Therefore in the rest of the paper we will treat the case f = I, where the only vielbein surviving on the submanifold M^{KH} ⊂ M^Q are:

U^{1I} = (U^{2İ} )^∗ (1.53)

while:

U^{2I} = (U^{1İ} )^∗ = 0. (1.54) Now we can make a choice of coordinates on the quaternionic manifold q^u = (w^s, n^t), such that the n^t are the coordinates truncated out, and set, as a basis of vielbein for the submanifold spanned by the scalars of the surviving hypermultiples: P_I = P_{Is}dw^s ≡ √ 2U_{I1u}dq^u (1.55) P˙_I = P˙_{Is}dw^s ≡ √ 2U˙_{I2u}dq^u. (1.56)

With this position, equation (1.45) is now easy to interpret. It can be rewritten as:

^ω^1_{u|2} U^u_{I1}ζ^I ϵ^1 = ^ω^1_{s|2} U^s_{I1}ζ^I ϵ^1 = 0 (1.57)

which gives a condition on the component of the SU(2) connection:

^ω^1_{s|2} = 0. (1.58)

This condition , obtained from the fermion-bilinear equation (1.45), coincides with the bosonic constraint (1.44) analyzed in reference [21]. Indeed eq. (1.44) is more properly written, in the appropriate basis, as:

^ω^1_2 |_MKH = ^ω^1_{s|2} dw^s = 0, (1.59)

which is satisfied by (1.58). When looking at the explicit expression of the field-strength of the SU(2) connection (whose component Ω^1_2 has to be zero for consistency):

Ω^1_2 ≡ dω^1_2 + ω^A_2 ∧ ω^1_A = i λU_{α2} ∧ U^{α1} = i λ ( U_{I2} ∧ U^{I1} + U˙_{I2} ∧ U^{İ1} ) = 0 (1.60) we see that it is automatically satisfied by the position (1.52).

The surviving U(1) curvature Ω^1_1 = Ω^3 (σ^3)^1_1 is instead different from zero and defines (one half) the Kähler 2-form on M^{KH} , so that we may introduce complex coordinates w^s and Kähler metric such that Ω^3 =^i_2 g_{ss}dw^s ∧ dw^s [21]. This does not exhaust the restrictions on the quaternionic manifold M^Q, since, as we will see in the analysis of the fermionic sector of the hyperini transformation laws, extra constraints on the symplectic part of the quaternionic curvature have to be imposed.

Let us now come to the reduction of the N = 2 vector multiplets. To understand condition (1.47), let us observe that the n_V N = 2 vector multiplets (A_μ, λ^A, z)^I (I = 1, · · · n_V ) decompose to N = 1 chiral multiplets (λ^1, z)^I and N = 1 vector multiplets (A_μ, λ^2)^I [21]. Let us suppose that in the reduction the number of chiral multiplets coming from N = 2 vector multiplets is n_C ≤ n_V . We then have to decompose the indices I → (i, α), where i = 1, · · · , n_C and α = n_C + 1, · · · , I, and the chiral multiplets are labeled as (λ^1, z)^i (while (λ^1, z)^α = 0). Then eq. (1.47) can be rewritten as:

g_{ıj} λ^ı_2λ^{j1} + g_{αj} λ^α_2 λ^{j1} = 0 (1.61)

which is an orthogonality condition between the N = 1 chiral and vector multiplets coming from the N = 2 vector multiplets, satisfied for:

λ^{i2} = 0 (1.62) g_{iα} = 0. (1.63)

The previous equations imply that if the N = 1 chiral multiplets have indices i = 1, · · · n_C ≤ n_V , then the N = 1 vector multiplets take the complementary indices α = Λ = 1, · · · n^′_V = n_V − n_C . As a consequence, the scalar partners of the chiral fermions λ^{i1} span a Kähler manifold M_R ⊂ M^{SK} of complex dimension n_C .

Furthermore, the three fermion terms in eq. (1.42) and (1.18) containing N = 2 gaugini impose conditions on the scalar sector of the theory. Indeed (1.42), (1.18) give:

ImN_{ΛΣ}L^Σf^Λ_α λ^α_2 γ_{[ν} ψ_{μ]1} = 0 ⇒ ImN_{ΛΣ}L^Σf^Λ_α = 0 (1.64)

ImN_{ΛΣ}L^Σ∇_if^Λ_α λ^{i1}γ_{μν} λ^{α2} = 0 ⇒ ImN_{ΛΣ}L^Σ∇_if^Λ_α = 0 (1.65)

Equation (1.64) is an orthogonality condition between the set {L^Λ} and the set {f^Λ_α }. By decomposing the vector indices Λ as Λ → (Λ, X), (with Λ = 1, · · · , n^′_V , X = 0, 1, · · · n_C = n_V − n^′_V ) it becomes:

ImN_{ΛΣ}L^Σf^Λ_α + ImN_{ΛX} L^X f^Λ_α + ImN_{XΛ}L^Λf^X_α + ImN_{XY} L^Y f^X_α = 0 (1.66)

A consistent solution of eq. (1.66) is easily found by setting:

L^Λ = 0 (1.67) f^X_α = 0 (1.68) ImN_{ΛX} = 0 (1.69)

We observe that, since N_{ΛX} is anti-holomorphic on M_R, equation (1.69) still allows a constant, purely real, term N_{ΛX} = C_{ΛX} that we do not discuss here.

With the same decomposition of indices the second equation (1.65) gives: ImN_{ΛΣ}L^Σ∇_if^Λ_α + ImN_{ΛX} L^X ∇_if^Λ_α + ImN_{XΛ}L^Λ∇_if^X_α + ImN_{XY} L^Y ∇_if^X_α = 0 (1.70) which is satisfied (in a way consistent with (1.67) - (1.69)) with the further constraint: ∇_if^X_α = iC_{ijα}f^X_ȷ g^{jȷ} = 0 ⇒ C_{ijα} = 0 (1.71) where we have used the special geometry relation (1.35) defining C_{IJK} . This solution tells us that the reduced manifold M_R is a special-Kähler manifold with symplectic sections (L^X , M_X ). Indeed we have, recalling the differential identities satisfied by the symplectic sections of the N = 2 parent theory, that the 3 equations (1.67) - (1.69) induce on M_R the special-Kähler structure with indices Λ restricted to X. Other possible solutions to equations (1.67) - (1.69) are not compatible with supersymmetry, as can be easily ascertained by looking at the bosonic sector (see [21]).

Given the conditions found above, let us now compute the reduction of the complete transformation laws for the spin one half fermions.

Hypermultiplets reduction The N = 2 hyperini supersymmetry transformation law reduces to:

δ ζ_I = i U^{2J̇}_u ∇_μ q^u γ^μϵ^1 δ_I˙_J + gN^1_I ϵ_1 + + 1 4 ( ∂_J Kλ^{J 1}ϵ_1 − h.c. ) ζ_I − Δ^J_{I|u} ( U^{K1|u}ζ_K ϵ_1 + U^u_{K1}ζ^K ϵ^1 ) ζ_J + − iζ_I ψ_{μ1}γ^μϵ^1 (1.72) while for consistency we have to impose: δ ζ˙_I = 0 = i U^{2J}_u ∇_μ q^u γ^μϵ^1 δ˙_{IJ} + gN^1_İ ϵ_1 + − Δ^J_{İ|u} ( U^{K1|u}ζ_K ϵ_1 + U^u_{K1}ζ^K ϵ^1 ) ζ_J + + iδ_J˙_I U^{J2}_u ∇_μq^uγ^μϵ^1 (1.73) We find therefore the consistency conditions: Δ^J_İ = 0 (1.74) U^{J2}_u ∇_μq^u = 0 (1.75) N^1_İ = 0 (1.76) Eq. (1.74) reduces the holonomy of the quaternionic scalar manifold from Sp(2n_H ) to U(n_H ), a condition necessary for the validity of the truncation, since the manifold has to reduce to a Kähler-Hodge one.

We note that, if we had chosen the more general configuration (1.51), we had found instead of (1.74) the holonomy constraints:

Δ^f_g = 0 ; Δ^ġ_g = 0 ; Δ^ġ_ḟ = 0 ; Δ^f_ḟ = 0 (1.77) Working out the curvatures associated to these components of the Sp(2n_H ) connection it is easy to see that they in fact reconstruct the full curvatures of the group U(n_H ), embedded however into Sp(2n_H ) in a different way from the standard one related to the choice (1.53), (1.54). In group theoretical terms, if we set f, ḟ = 1, · · · k; g, ġ = 1, · · · n_H − k, we find that the constraints (1.77) correspond to the decomposition: Adj(Sp(2n_H )) → Adj(U(k)) + Adj(U(n_H − k)) + 2(k, n_H − k) (1.78) Actually, in equation (1.77) we recognize that the r.h.s. is in fact the adjoint of U(n_H ), which is however decomposed with respect to its maximal subgroup U(k) × U(n_H − k). In the sequel we refer only to the simpler choice (1.50).

We stress the fact that the necessary condition (1.74) found above implies a further geometric constraint for the consistency of the truncation. Indeed, as it has been analyzed in [21] by using the Frobenius theorem, in order for the equations (1.54) and (1.74)to give a consistent truncation, the quaternionic manifold cannot be generic; in particular, the completely symmetric tensor Ω_{αβγδ} ∈ Sp(2n_H ), appearing in the Sp(2n_H ) curvature, must obey the following constraint:

Ω˙_I˙_{J K}˙_L = 0. (1.79) Eq. (1.75) is automatically satisfied with the choice of basis (1.74). Indeed it means that the scalar partners of the ζ˙_I have to be truncated out, since they span the orthogonal complement to the retained submanifold:

U^{J2}_u ∇_μq^u|_{MKH} = U^{J2}_t ∇_μn^t|_{MKH} = 0. (1.80)

We can now define chiral spinors with world indices: ζ^s ≡ √ 2P^{I,s}ζ_I (1.81)

and we find, for the tranformation law of the ζ^s:

δ ζ^s = i ∇_μ w^s γ^μϵ^1 + gN^s ϵ_1 + + i 4 ( ∂_J Kλ^{J 1}ϵ_1 − h.c. ) ζ^s − Γ^s′_s′′ ζ^{s′′} ζ^{s′} ϵ_1 +

− iζ^sψ_{μ1}γ^μϵ^1 (1.82)

with N^s ≡ √ gP^{I,s}N^1_I and Γ^s′_s′′ = δ^J_I P_{K,s}′ ∂_s′′ P^{K,s} − P^{I,s}Δ^J_{I|s}′ P_{J,s}′′ . Vector multiplets reduction Let us now consider the reduction of the gaugini transformation law. From eq. (1.2) we find:

δ λ^{i1} = i ∇_μ z^iγ^μϵ^1 + gW^{i11}ϵ_1 + + 1 4 ( ∂_j Kλ^{j1}ϵ_1 − h.c. ) λ^{i1} − ( ω^1_{1|s}ζ^sϵ_1 + ω^1_{1|s}ζ^sϵ^1 ) λ^{i1} − Γ^i_{jk} λ^{k1}ϵ_1λ^{j1} +

− iλ^{i1}ψ_{μ1}γ^μϵ^1 − i 2 g^{ij} C_{jαβ} λ^α_2 λ^β_2 ϵ_1 (1.83)

δ λ^{α2} = −G^{−α}_{μν} γ^{μν} ϵ_1 + gW^{α21}ϵ_1 + + 1 4 ( ∂_j Kλ^{j1}ϵ_1 − h.c. ) λ^{α2} − ( ω^2_{2|s}ζ^sϵ_1 + ω^2_{2|s}ζ^sϵ^1 ) λ^{α2} − Γ^α_{βi}λ^{i1}ϵ_1λ^{β2} + + i 2 g^{αβ} C_{βiγ} λ^i_1λ^γ_2 ϵ_1. (1.84) while for consistency we have to impose:

δ λ^{α1} = 0 = i ∇_μ z^αγ^μϵ^1 + gW^{α11}ϵ_1 − Γ^α_{ij} λ^{j1}ϵ_1λ^{i1} − i 2 g^{αβ}C_{βγδ}λ^γ_2 λ^δ_2ϵ_1 (1.85)

δ λ^{i2} = 0 = −G^{−i}_{μν} γ^{μν} ϵ_1 + gW^{i21}ϵ_1 − Γ^i_{αj} λ^{j1}ϵ_1λ^{α2} + i 2 g^{iȷ}C_{ȷkα}λ^k_1λ^α_2 ϵ_1 (1.86)

that implies that, on the reduced theory, the following quantities have to be zero:

∇_μ z^α = 0; (1.87) G^{−i}_{μν} γ^{μν} = 0; (1.88) W^{α11} = 0 ; W^{i21} = 0 (1.89) Γ^α_{ij} = g^{αβ} ∂_ig_{jβ} = 0 Γ^i_{αj} g^{ik}∂_j g_{αk} = 0 (1.90) C_{ȷkα} = 0 C_{βγδ} = 0 (1.91)

We analyze here the constraints coming from the 3-fermions terms. Equation (1.88) is automatically satisfied, on the reduced theory, because of equations (1.67) - (1.69) and (1.71). Equations (1.90) are also true on the sub-manifold since we have found in (1.63) that the mixed components of the metric are zero. Finally, equations (1.91) give constraints on the Special-Kahler manifold to be satisfied on the reduced sub-manifold M_R. In particular, the first one C_{ȷkα} = 0|_{MR} coincides with the already found condition (1.71), while C_{βγδ} = 0|_{MR} is a further constraint, due to supersymmetry, to be satisfied. We note that in particular it implies the following constraint on the curvature of the special manifold:

R^ı_{αβγ} = 0 (1.92)

If we now define:

χ^i ≡ λ^{i1} , λ^Λ ≡ −2f^Λ_α λ^α_• (1.93) and apply the special geometry relation:

C_{IJK} = f^Λ_I ∂_J N_{ΛΣ}f^Σ_K , (1.94)

which gives:

C_{iαβ} = f^Λ_α ∂_iN_{ΛΣ}f^Σ_β , (1.95) we can rewrite equations (1.83) and (1.84) as:

δ χ^i = i ∇_μ z^iγ^μϵ^• + gW^{i11}ϵ_• + + 1 4 ( ∂_j Kχ^j ϵ_• − h.c. ) χ^i − ( ω^1_{1|s} ζ^sϵ_• + ω^1_{1|s} ζ^sϵ^• ) χ^i − Γ^i_{jk} χ^k ϵ_•χ^j + − iχ^iψ_{μ•}γ^μϵ^• + i 8 g^{iȷ} ∂_ȷN_{ΛΣ}λ^{Λ•}λ^{Σ•}ϵ_• (1.96) δ λ^Λ_• = F^{−Λ}_{μν} γ^{μν} ϵ_• − 2 gf^Λ_α W^{α21}ϵ_• + + 1 4 ( ∂_j Kχ^j ϵ_• − h.c. ) λ^Λ_• − ( ω^2_{2|s} ζ^sϵ_• + ω^2_{2|s} ζ^sϵ^• ) λ^Λ_• − Γ^α_{βi}χ^iϵ_•λ^Λ_• + + i 4 (ImN )^{−1ΛΣ} ( ∂_ȷN_{ΣΓ}χ^ȷλ^{Γ•} + ∂_iN_{ΣΓ}χ^iλ^Γ_• ) ϵ_•. (1.97) which have the form of the N = 1 transformation laws for chiral- and vector-multiplets fermions respectively.

We still have to identify the precise form of the bosonic quantities W^{i11}, f^Λ_α W^{α21} and N_{ΛΣ} in the reduced theory. This has been done in [21]. We just quote the main results here. For example, in order to retrieve the D-term of the N = 1 gaugino transformation, we have to identify:

− 2gf^Λ_α W^{α21} ≡ iD^Λ = i(ImN^{−1})^{ΛΣ} ( P^0_Σ + P^3_Σ ) . (1.98)

Moreover, in order to show that equation (1.97) is the correct N = 1 transformation law of the gauginos we have still to prove that N_{ΛΣ} is an antiholomorphic function of the scalar fields z^i, since the corresponding object of the N = 2 special geometry N_{ΛΣ} is not. For this purpose we observe that in N = 2 special geometry the following identity holds (at least when a N = 2 prepotential function exists)[24]:

N_{ΛΣ} = F_{ΛΣ} − 2iT_ΛT_Σ(L^ΓImF_{ΓΔ}L^Δ) (1.99)

where the matrix F_{ΛΣ} is holomorphic and T_Λ is the so-called projector on the graviphoton [21], [24].

If we now reduce the indices ΛΣ we find:

N_{ΛΣ} = F_{ΛΣ} − 2iT_ΛT_Σ(L^Z ImF_{ZW} L^W ) ≡ F_{ΛΣ} (1.100)

since, as shown in [21], T_Λ = 0 is precisely the bosonic constraint derived from (1.42). Therefore N_{ΛΣ} is antiholomorphic and the D-term (1.98) becomes:

D^Λ ≡ 2if^Λ_α W^{α21} = −2(Imf^{−1}(z^i))^{ΛΣ} ( P^0_Σ + P^3_Σ ) . (1.101)

where we have defined F_{ΛΣ}(z^i) = 1 2 f_{ΛΣ}(z^i) (1.102)

in order to match the normalization of the holomorphic kinetic matrix of the N = 1 theory appearing in equation (1.34).

The N = 1 transformation law of the gravitino with these notations takes the final form: δ ψ_{•μ} = D_μϵ_• − i 2 ( ^Q_μ − 2i ^ω^1_{μ|1} ) ϵ_• + i g S_{11}η_{μν} γ^ν ϵ^• + + i 4 [ Imf_{ΛΣ}λ^{Λ•}γ_μλ^Σ_• + 1 2 γ_{μν} ( f_{ΛΣ}λ^{Λ•}γ^ν λ^Σ_• + g_{iȷ}χ^ȷγ^ν χ^i + g_{ss}ζ^sγ^ν ζ^s )] ϵ_• + − ( ω^1_{1|s} ζ^sϵ_• + ω^1_{1|s} ζ^sϵ^• ) ψ_{μ•} − 1 4 ( ∂_j Kχ^j ϵ_• − h.c. ) ψ_{μ•} (1.103)

2 The gauging

As it was stressed in the introduction, the implications of the N = 2 → N = 1 reduction on the gauging of the N = 2 theory cannot be obtained by looking only at the fermionic sectors, since the fermionc shifts are built up in terms of bosonic fields only. The analysis of the gauging has been thoroughly given in [21]. To make the paper self-contained, we just summarize here the conclusions, and in particular:

• The D-term of the N = 1-reduced gaugino λ^Λ = −2f^Λ_i λ^{i2} is: D^Λ = W^{i21} = −2g_{(Λ)}(Imf)^{−1ΛΣ} ( P^3_Σ(w^s) + P^0_Σ(z^i) ) (2.1)

• The N = 1-reduced superpotential, that is the gravitino mass, is: L(z, w) = i 2 g_{(X)}L^X ( P^1_X − iP^2_X ) (2.2)

and is a holomorphic function of its coordinates z^i and w^s.

• The fermion shifts of the N = 1 chiral spinors χ^i = λ^{i1} coming from the N = 2 gaugini are:

gW^{i11} ≡ N^i = 2g^{iȷ}∇_ȷL (2.3) • The fermion shifts of the N = 1 chiral spinors ζ^s coming from N = 2 hypermultiplets are:

N^s = −4g_{(X)}k^t_X L^X U^{1İ}_t U^s_{2İ} = 2g^{ss}∇_sL. (2.4) • Only some components of the special–Kähler and quaternionic prepotentials and of the corresponding Killing vectors remain different from zero after the reduction, in particular we have:

P^0_X = 0 , (2.5) k^i_X = 0 , k^α_Λ = 0 (2.6) k^i_Λ = ig^{iȷ}∇_ȷP^0_Λ ≠ 0. (2.7) and P^3_X = 0 , P^i_Λ = 0 , (i = 1, 2) (2.8) k^s_X = 0 , k^t_Λ = 0 (2.9) k^s_Λ = ig^{ss}∇_sP^3_Λ ≠ 0. (2.10) We note that, by using the quaternionic relation:

n_H P^x_Λ = − 1 2 Ω^x_{uv} ∇^uk^v_Λ (2.11) from equation (2.8) it follows:

n_H P^i_Λ = 0 = − 1 2 Ω^i_{st} ( ∇^sk^t_Λ − ∇^tk^s_Λ ) (2.12)

n_H P^3_X = 0 = − 1 2 Ω^3_{ss}∇^sk^s_X + Ω^3_{tt}∇^tk^t_X (2.13) satisfied for:

∇^sk^t_Λ = 0 ; ∇^sk^s_X = 0 (2.14) ∇^tk^s_Λ = 0 ; ∇^tk^t_X = 0. (2.15) Equations (2.14) follow from (2.9) for consistency of the reduction to the submanifold M^{KH} . Equations (2.15) are instead further relations to be satisfied for the truncation. One can see for instance that the above relations do indeed hold in the model of reference [25] where the gauge group acts linearly on the coordinates of the scalar manifolds.

3 A closer look to consistency: Yukawa interactions

It is well known that, in order to have a consistent reduction, the solutions of the equations of motion of the reduced theory must be also solutions of the mother theory. This fact in particular implies that all terms in the lagrangian bilinear in the fermions, containing one retained and one truncated out fermion, must disappear in the reduction. Indeed, the corresponding field equations obtained by varying the lagrangian with respect to the truncated fermion would be inconsistent. Let us check that the bosonic quantities which are coefficients of these terms do indeed vanish in the reduction.

We will confine to analyze the “mass” terms of the N = 2 lagrangian, namely:

L^{N =2}_{mass} = g[2S_{AB}ψ^A_μ γ^{μν} ψ^B_ν + ig_{IJ} W^{IAB} λ^J_A γ_μψ^μ_B + 2iN^A_α ζ^αγ_μψ^μ_A + M^{αβ}ζ_αζ_β + M^α_{IB} ζ_αλ^{IB} + M_{IJ AB}λ^{IA}λ^{J B} + h.c.] (3.1) where, besides the matrices S_{AB}, W^{IAB} , N^A_α defined in (1.22) - (1.25), there appear the mass matrices (see [22]):

M^{αβ} = − U^{αA}_u U^{βB}_v ε_{AB} ∇^{[u}k^{v]}_Λ L^Λ = − 1 2 U^{Aα|u}∇_uN^β_A (3.2) M^α_{IB} = −4 U^α_{Bu} k^u_Λ f^Λ_I (3.3) M_{AB IK} = ϵ_{AB} g_{L[I} f^Λ_{K]}k^L_Λ + 1 2 iP_{ΛAB} ∇_I f^Λ_K (3.4)

The gravitino mass term S_{12}ψ^1_μγ^{μν} ψ^2_ν is automatically zero because of (1.43). The term g_{IJ} W^{IAB} λ^J_A γ_μψ^μ_B contains four potentially dangerous contributions, namely: g_{iȷ}W^{i12}λ^ȷ_1γ_μψ^μ_2 (3.5) g_{iȷ}W^{i12}λ^ȷ_2γ_μψ^μ_1 (3.6) g_{αβ}W^{α11}λ^β_1 γ_μψ^μ_1 (3.7) g_{αβ}W^{α22}λ^β_2 γ_μψ^μ_2 (3.8) Looking at the expression (1.23) of W^{IAB} we see that W^{i12} is zero on the reduced theory, taking into account the constraints: P^{12}_Λ ≡ P^3_Λ, f^Λ_i = 0, L^Λ ≡ L^X , k^i_X = 0; furthermore, W^{α11} and W^{α22} are both zero due to the constraints: P^{11}_Λ = (P^{22}_Λ )^∗ ≡ P^1_X − iP^2_X , f^X_α = 0. Then, we need the terms N^1_İ ζ^İ γ_μψ^μ_1 and N^2_I ζ^I γ_μψ^μ_2 to be zero. And indeed, N^1_İ = (N^2_I )^⋆ = 0|_{MR} for consistency of the truncation of half hypermultiplets (see equation (1.76)). Furthermore, the term M^{IJ̇} ζ_I ζ˙_J must be zero, and this is satisfied if: M^{IJ̇} = U^{I1}_s U^{J̇ 2}_s ∇^{[s}k^{s]}_X L^X − U^{I2}_t U^{J̇1}_t ∇^{[t}k^{t]}_X L^X = 0. (3.9) Both terms are indeed zero as a consequence of (1.67) and (2.8),(2.9),(2.15). From the mixing term M^α_{IB} ζ_αλ^{IB} we get the potentially inconsistent contributions: M^I_{α1}ζ_I λ^{α1}; (3.10) M^I_{i2}ζ_I λ^{i2}; (3.11) M^İ_{i1}ζ˙_I λ^{i1}; (3.12) M^İ_{α2}ζ˙_I λ^{α2}; (3.13)

All these quantities are indeed zero on the reduced theory, as can be ascertained by using in (3.2) the relations (1.53), (1.54), (1.67), (1.68) and (2.9).

Finally, the gaugino mass term M_{IJ AB} λ^{IA}λ^{J B} contains the four contributions:

M_{ij 12}λ^{i1}λ^{j2} (3.14) M_{αβ 12}λ^{α1}λ^{β2} (3.15) M_{iα 11}λ^{i1}λ^{α1} (3.16) M_{iα 22}λ^{i2}λ^{α2} (3.17)

which have to be zero on the truncated theory. We find:

M_{ij 12} = g_{k[i}f^X_{j]} k^k_X − i 2 P_{Λ12}∇_if^Λ_j (3.18)

M_{αβ 12} = g_{γ[α}f^Λ_{β]}k^γ_Λ − i 2 P_{Λ12}∇_αf^Λ_β (3.19)

M_{iα 11} = − i 4 P_{X11}∇_αf^X_i (3.20)

M_{iα 22} = − i 4 P_{X22}∇_αf^X_i (3.21)

Equations (3.18) – (3.21) are all satisfied as a consequence of (1.67), (1.68), (1.71), (1.91) and (2.6), (2.8).

Finally, coming to the reduction of the scalar potential of the N = 2 theory down to N = 1, we have that the N = 2 scalar potential, given by:

V^{N =2} = ( g_{IJ} k^I_Λk^J_Σ + 4h_{uv} k^u_Λk^v_Σ ) L^ΛL^Σ + ( − 1 2 (ImN^{−1})^{ΛΣ} − L^ΛL^Σ ) P^x_ΛP^x_Σ −3P^x_ΛP^x_ΣL^ΛL^Σ (3.22) reduces to the standard form for the N = 1 scalar potential, written in terms of the covariantly holomorphic superpotential L as:

V^{N =2→N =1} = 4 [ −3LL + g^{iȷ}∇_iL∇_ȷL + g^{ss}∇_sL∇_sL + 1 16 Imf_{ΛΣ}D^ΛD^Σ ] (3.23)

The explicit proof is given in [21].

References

[1] J. Bagger and E. Witten, “Matter Couplings in N = 2 Supergravity”, Nucl.Phys.

B222(1983)1

[2] B. de Wit, J. W. van Holten and A. V. Proeyen, “Transformation rules of N = 2 supergravity multiplets”, Nucl. Phys. B167 (1980) 186; B. de Wit, P. G. Lauwers, R. Philippe, S. Q. Su and A. Van Proeyen, “Gauge and matter fields coupled to N = 2 supergravity”, Phys. Lett. B134 (1984) 37; B. de Wit and A. Van Proeyen, “Potentials and symmetries of general gauged N = 2 supergravity – Yang–Mills models”, Nucl. Phys. B245 (1984) 89; B. de Wit, P.G. Lauwers and A.Van Proeyen, “Lagrangians of N = 2 Supergravity - Matter Systems”, Nucl.Phys. B255 (1985) 569

[3] L.Andrianopoli, M.Bertolini, A.Ceresole, R.D’Auria, S. Ferrara, P.Fré, “General Matter Coupled N=2 Supergravity”, Nucl.Phys. B476 (1996) 397, hep-th/9603004; L.Andrianopoli, M.Bertolini, A.Ceresole, R.D’Auria, S. Ferrara, P.Fré, T.Magri, “N = 2 Supergravity and N = 2 SuperYang-Mills Theory on General Scalar Manifolds: Symplectic Covariance, Gaugings and the Momentum Map”, J.Geom.Phys. 23 (1997) 111; R. D’Auria, S. Ferrara, P. Fré, “Special and Quaternionic Isometries: General Couplings in N = 2 Supergravity and the Scalar Potential”, Nucl. Phys. B359 (1991) 705

[4] E. Cremmer, S. Ferrara, L. Girardello, A. Van Proeyen, “Yang-Mills Theories with local supersymmetry”, Nucl.Phys. B212 (1983) 231

[5] J.A. Bagger, “Coupling the Gauge Invariant Supersymmetric Non Linear Sigma Model to Supergravity”, Nucl.Phys. B211 (1983) 302

[6] J. Bagger, F. Feruglio, F. Zwirner, “Generalized symmetry breaking on orbifolds”, hep-th/0107128

[7] I. Antoniadis, M. Quirós, “On the M-theory Description of Gaugino Condensation”, Phys.Lett. B416 (1998) 327-333, hep-th/9707208

[8] J. Bagger, F. Feruglio, F. Zwirner, “Brane-induced supersymmetry breaking”, hepth/0108010

[9] E. Bergshoeff, R. Kallosh, A. Van Proeyen, “Supersymmetry in Singular Spaces”, JHEP 0010 (2000) 033; “Supersymmetry of RS bulk and brane”, Fortsch.Phys. 49 (2001) 625

[10] J.Polchinski, A. Strominger, “New Vacua for Type II String Theory”, Phys.Lett.

B388 (1996) 736; hep-th/9510227

[11] J. Michelson, “Compactifications of Type IIB Strings to Four Dimensions with Nontrivial Classical Potential”, Nucl.Phys. B495 (1997) 127-148, hep-th/9610151

[12] T.R. Taylor, C. Vafa, “RR Flux on Calabi-Yau and Partial Supersymmetry Breaking”, Phys.Lett. B474 (2000) 130-137; hep-th/9912152

[13] P. Mayr, “On Supersymmetry Breaking in String Theory and its Realization in Brane Worlds”, Nucl.Phys.B 593 (2001) 99, hep-th/0003198

[14] G.Curio, A. Klemm, D. Luest, S. Theisen, “On the Vacuum Structure of Type II String Compactifications on Calabi-Yau Spaces with H-Fluxes”, Nucl.Phys. B609 (2001) 3-45; hep-th/0012213

[15] S.B. Giddings, S. Kachru, J. Polchinski, “Hierarchies from Fluxes in String Compactifications”, hep-th/0105097

[16] Klaus Behrndt, Carl Herrmann, Jan Louis, Steven Thomas, “Domain walls in five dimensional supergravity with non-trivial hypermultiplets”, JHEP 0101 (2001) 011

[17] Klaus Behrndt, Gabriel Lopes Cardoso, Dieter Lust, “Curved BPS domain wall solutions in four-dimensional N=2 supergravity”, Nucl.Phys. B607 (2001) 391-405

[18] G. Dall’Agata, “Type IIB supergravity compactified on a Calabi-Yau manifold with H-fluxes”, hep-th/0107264

[19] M.Graña, J.Polchinski, “Supersymmetric Three-Form Flux Perturbations on AdS_5”, Phys.Rev. D63 (2001) 026001; hep-th/0009211

[20] K. Dasgupta, K. Oh, J. Park, R. Tatar, “Geometric Transition versus Cascading Solution”, hep-th/0110050

[21] L. Andrianopoli, R. D’Auria, S. Ferrara, hep-th/0110277

[22] R. D’Auria and S. Ferrara, “On fermion masses, gradient flows and potential in supersymmetric theories”, JHEP 05 (2001) 034; hep-th/0103153

[23] J. Bagger and E. Witten, Quantization of Newton’s Constant in Certain Supergravity Theories”, Phys.Lett. B115 (1982) 202; “The Gauge Invariant Supersymmetric Non Linear Sigma Model”, Phys.Lett. B118 (1982) 103

[24] A. Ceresole, R. D’Auria and S. Ferrara, “The Symplectic Structure of N=2 Supergravity and its Central Extension”, Nucl.Phys.Proc.Suppl. 46 (1996) 67-74; hepth/9509160

[25] S. Ferrara, L. Girardello, C. Kounnas, M. Porrati, “Effective Lagrangians for Four Dimensional Superstrings”, Phys.Lett. B192 (1987) 368