arXiv:hep-th/0207135 v2 3 Sep 2002

hep-th/0207135

N=1 NO-SCALE SUPERGRAVITY FROM IIB ORIENTIFOLDS

S. Ferrara^a and M. Porrati^{b,c1}

(a)Theory Division CERN, Ch 1211 Geneva 23, Switzerland

(b)Department of Physics, NYU, 4 Washington Pl., New York, NY 10003, USA

(c)Rockefeller University, New York, NY 10021-6399, USA

ABSTRACT

We describe the low-energy effective theory of N=1 spontaneously broken supegravity obtained by flux-induced breaking in the presence of n D3 branes. This theory can be obtained by integrating out three massive gravitino multiplets in the hierarchical breaking N = 4 → 3 → 2 → 1 of a N=4 orientifold. This integration also eliminates the IIB complex dilaton. The resulting theory is a no-scale supergravity model, whose moduli are the three chiral multiplets that correspond to the three radii of T_2 × T_2 × T_2 in T_6, together with the 6n brane coordinates. The U(n) gauge interactions on the branes respect the no-scale structure, and the N=1 goldstino is the fermionic partner of the T_6 volume.

1e-mail: sergio.ferrara@cern.ch, massimo.porrati@nyu.edu

1 Introduction

Type IIB orientifolds with flux-induced supersymmetry breaking [1, 2] offer interesting examples of models with moduli stabilization [3, 4, 5, 6] and hierarchical supersymmetry breaking with vanishing cosmological constant at the classical level.

They can be regarded as N-extended no-scale supergravities [7, 8] as far as the supersymmetry breaking deos not stabilize all moduli, thus offering the possibility of creating a large hierarchy of scales [9].

String and M–theoretical constructions of these models have been established [10, 11, 12] but their low-energy description is only known in particular cases. Most of them involve N = 2 → N = 1 partial supersymmetry breaking, as in the case of models with R-R fluxes in Calabi-Yau compactifications [4, 6, 13, 14, 15, 16, 17].

Recently, the effective, spontaneously broken N=4 supergravities corresponding to a type IIB orientifold with arbitrary fluxes have been investigated [18, 19]. They have 0 ≤ N^′ < 4 surviving supersymmetries. Those Lagrangians offer the possibility to obtain effective theories with lower supersymmetry, by integrating out massive multiplets. For example, the N=3 effective theory, obtained by integrating out a single massive gravitino multiplet is completely predicted by supersymmetry, and its symmetry breaking terms arise by the gauging of its (Abelian) isometries [20]. These isometries are related to the R-R scalars coming from the type IIB four form [1, 2].

In this paper, we would like to exhibit the particular simple form of the N = 1 → N = 0 supergravity action, inclusive of D3 brane non-Abelian gauge interactions, and show that it provides, as expected, an exact no-scale N=2 supergravity model of the kind constructed long ago in the literature [7, 8, 21].

The main distinction from the case previously studied, is that the supersymmetry breaking does not involve the IIB complex dilaton, S, since that field can be integrated out already at the level of the N = 4 → N = 3 breaking. Therefore, the effective theory contains just the three chiral multiplets associated with the three radii (volumes) of T_2 × T_2 × T_2 = T_6, together with the brane coordinates, the U(n) gauge couplings, and the flux parameter μ.

2 Integrating out Massive Multiplets

The apparently puzzling feature arising from integrating out the massive gravitino multiplets, in the presence of n D3 branes, is that the scalar manifold of the truncated theory is not a submanifold of the original theory, as it is, instead, in the absence of D3 branes, when the original theory contains only moduli coming from the bulk, 10-d sector [22, 23]. The reason for this phenomenon is that the massless modes of the brane couple to massive bulk fields. So, for instance, if A^m_μ is a massive bulk field, the truncated theory in the presence of branes is not obtained by setting A^m_μ = 0, but rather by setting A^m_μ ∼ ϕ∂_μϕ, where ϕ denotes some brane coordinate. The effect of this procedure is a distortion of the original manifold, rather than a submanifold^2. This phenomenon was implied by the discussion of Frey and Polchinski [1], in the derivation of the N = 3 sigma-model metric in the presence of D3 brane coordinates. It becomes evident by writing out the gauge covariant derivative of the R-R axions, b^{IJ} = (b^{ij} , b^{ij̄}), I = (i,ī), J = (j, j̄). (1) The covariant derivative reads

D_μb^{ij} = ∂_μb^{ij} + C^{[i}_I ∂_μC^{j]}_I + ϵ^{ijk} A_k, (2)

and results in the elimination of the term | |C^{[i}_I ∂_μC^{j]}_I | |^2 . (3)

Also, the D3 brane action term

g_{ij} ∂_μC^i_I ∂^μC^j_I , g_{IJ} = (g_{ij} , g_{ij̄}), (4)

is eliminated altogether from the two-derivative action, when, in the presence of fluxes, the g_{ij} components of the metric acquire a mass term (from the potential). The effect of these changes is that the original N=4 sigma model SU(1, 1) U(1) × SO(6, 6 + n) SO(6) × SO(6 + n) , (5)

becomes [24], after integrating out the scalar partners of the massive gravitino^3,

U(3, 3 + n) U(3) × U(3 + n)

. (6)

This is not a submanifold of the former, unless n = 0.

If one further integrates out the second gravitino multiplet, in the presence of D3 branes, one finds, using the same reasoning, U(1, 1 + n) U(1) × U(1 + n) × U(2, 2 + n) U(2) × U(2 + n)

, N=2 (7)

2One could say [23] that the manifold in Eq. (6) is obtained by modding out an R^6 isometry of the manifold in Eq. (5), where the R^6 is gauged by the six vectors that become massive.

3 The complex type IIB dilaton is part of the massive N=3 gravitino multiplet. This is the reason why the SU (1, 1)/U (1) factor drops out after integrating out the massive modes.

Here, the first factor is the manifold of vector multiplets, and the second is the manifold of hypermultiplets. By integrating out also the third gravitino multiplet (and a chiral multiplet) one arrives at a N=1 theory with scalar manifold U(1, 1 + n) U(1) × U(1 + n) × U(1, 1 + n) U(1) × U(1 + n) × U(1, 1 + n) U(1) × U(1 + n)

, N=1. (8)

Let us confine ourselves to the N=1 theory, with a residual gravitino mass μ, related to the flux that breaks N=1 to N=0. The Kähler potential for the manifold in Eq. (8) is K = 3∑ i=1 K_i = − 3∑ i=1 log(t_i + t̄_i − C^i_IC̄^i_I ). (9)

If we turn on the U(n) gauge interactions for the n D3 branes, the superpotential becomes

W = μ + f^{IJK} C^i_I C^j_J C^k_K ϵ_{ijk}, I = 1, .., n^2, (10)

while the D term is D^K = 3∑ i=1 1 t_i + t̄_i − C^i_IC̄^i_I

C^i_I f^{IJK}C̄^i_J . (11)

In the two previous equations, f^{IJK} are the SU(n) structure constants, and μ is the flux^4 This theory is a no-scale model with scalar potential V = 3∑ i=1 e^K [ K^{CiI C̄iJ} ∂W ∂C^i_I ∂W̄ ∂C̄^i_J ] + ∑ I (D^I )^2 = e^K [_3 ∑ i=1 1 t_i + t̄_i − C^i_IC̄^i_I ∂W ∂C^i_I ∂W̄ ∂C̄^i_J ] + ∑ I (D^I )^2. (12)

The gravitino mass term is e^{K/2}|W | = 3∏ i=1 (t_i + t̄_i − C^i_IC̄^i_I )^{−1/2}|μ + f^{IJK} C^i_I C^j_J C^k_K ϵ_{ijk} |. (13)

The vacuum is at V = 0, i.e. ∂W/∂C^i_I = 0. Therefore, all Cs belong to the Cartan algebra of U(n), and the gravitino mass is m = μ 1 R_1R_2R_3

, (14)

with R_i the radius of the i-th 2-torus in T_2 × T_2 × T_2.

4In supergravity, this is a free parameter, but string theory imposes on it a quantization condition.

3 Computation of the Scalar Potential

In this Section we collect all formulas used to derive Eqs. (12,13). V = e^K [ K^{aā}D_aW D̄_āW̄ − 3|W |^2 ] , K^{aā} = (K)^{−1}_{aā} ; K_{aā} = ∂_a∂_āK. (15) K is given in Eq. (9), W is given in Eq. (10).

For each K_i we have

K_{ti}¯_{ti} = (t_i + t̄_i − C^i_IC̄^i_I )^{−2}, K_{ti} = −(t_i + t̄_i − C^i_IC̄^i_I )^{−1}, K_t¯_Ci_I = −C^i_I (t_i + t̄_i − C^i_IC̄^i_I )^{−2}, K¯_Ci_I = C^i_I (t_i + t̄_i − C^i_IC̄^i_I )^{−1}, K_Ci_I¯_Ci_J = δ_{IJ} t_i + t̄_i − C^i_IC̄^i_I + C̄ i_I C i_J (t_i + t̄_i − C^i_IC̄^i_I )^2

. (16)

The entries of the inverse Kähler metric are K^{tit̄i} = (t_i + t̄_i − C^i_IC̄^i_I )(t_i + t̄_i), K^{tC̄iI} = C̄^I_i (t_i + t̄_i − C^i_IC̄^i_I ), K^{CiI C̄iJ} = δ^{IJ} (t_i + t̄_i − C^i_IC̄^i_I ). (17) Notice the important identity K_{ti} K^{tC̄iI} = −K_Ci_J K^{CiJ C̄iI} = −C̄^i_I . (18) In computing the scalar potential, one must remark that the terms proportional to |W |^2 in D_aW D̄_āW̄ K^{aā} cancel the gravitino mass term −3|W |^2. The cross terms proportional to W̄ ∂W/∂C i_I , cancel out because of Eq. (18).

4 Symmetries of the Model

The no-scale supergravity so far described has some global symmetries besides the obvious U(n) gauge symmetry.

For μ = 0, even in the presence of gauge interactions, the theory is invariant under T-duality transformations t_i → 1/t_i, C^i_I → 1 t_i C^i_I . (19) This symmetry is lost for μ ≠ 0, unless μ is replaced with μ/t_1t_2t_3.

For any μ, the theory is always invariant under t_i → t_i+iβ_i, and C^i_I → exp(iα^i)C^i_I , α_i, β_i ∈ R,

∑_3

i=1 α^i = 0.

Notice that the above symmetries are sensitive to the cubic form of the the superpotential. On the other hand, the no-scale structure of the model only depends on the particular form of the Kähler potential, as long as W is independent of the moduli t_i. Some higher order α^′ corrections have recently been computed, and they seem to affect the no-scale structure of these models [25].

We finally notice that the N = 1 → N = 0 phase is the only one that does not result in a loss of moduli. Indeed, starting with 21 metric deformations in the N=4 theory (without fluxes), 12 are lost in the N = 4 → N = 3 breaking, together with the complex dilaton. Four more metric moduli are lost in the breaking N = 3 → N = 2, and two more metric moduli are lost in the N = 2 → N = 1 breaking. Therefore, in all these phases, some of the metric moduli acquire a nontrivial potential. They precisely correspond to the superpartners of the charged axions. The latter, are absorbed by the vector particles by the Higgs mechanism [26]. The n D3 brane coordinates, together with their superpartners, are moduli in all phases, independently of the value of the four gravitino masses.

5 Conclusions

The interesting feature of the supergravity effective action of bulk fields coupled to n branes, is that it allows us to compute terms due to the gravitational back-reaction of the probe on the metric, as well as terms due to the non-abelian nature of the probe-brane action [27]. These effects, which are taken into account automatically by the requirement of local supersymmetry, may be very hard to compute in a string calculation.

Interestingly enough, it turns out that these effects, at least in the approximation we are working on (two-derivative action), respect the exact no-scale structure, including the nonabelian interactions of the D3 branes.

An example of these effects is that the U(1) part of the U(n) gauge group, which decouples in the flat limit, has non-trivial gravitational couplings to the other modes, because it enters in the K´’ahler potential. The contribution of the non-Abelian brane coordinates to the gravitino mass term, e^{K/2}ψ_μγ^{μν} ψ_ν f^{IJK} C^i_I C^j_J C^k_K ϵ_{ijk}, (20) is also another effect of the bulk-brane couplings requested by local supersymmetry.

Needless to say, these theories may also possess vacua where ∂_C W ≠ 0. If this is the case, these vacua have a positive cosmological constant so that they give rise to de Sitter spaces.

Acknowledgements

M.P. would like to thank CERN for its kind hospitality. M.P. is supported in part by NSF grant no. PHY-0070787. S.F. is supported in part by the European Community’s Human Potential Program under contract HPRN-CT-2000-00131 Quantum Space-Time, and by DOE under grant DE-FG03-91ER40662, Task C.

References

[1] A.R. Frey and J. Polchinski, hep-th/0201029. [2] S. Kachru, M. Schulz and S. Trivedi, hep-th/0201028. [3] J. Polchinski and A. Strominger, Phys. Lett. B388 (1996) 736. [4] T.R. Taylor and C. Vafa, Phys. Lett. B474 (2000) 130. [5] J. Michelson, Nucl. Phys. B495 (1997) 127. [6] P. Mayr, Nucl. Phys. B593 (2001) 99.

[7] E. Cremmer, S. Ferrara, C. Kounnas and D.V. Nanopoulos, Phys. Lett. B133 (1983) 61. [8] J.R. Ellis, A.B. Lahanas, D.V. Nanopoulos and K. Tamvakis, Phys. Lett. B134 (1984) 429; J.R. Ellis, C. Kounnas and D.V. Nanopoulos, Nucl. Phys. B247 (1984) 373; for a review see also: A. B. Lahanas and D.V. Nanopoulos, Phys. Rep. 145 (1987) 1.

[9] S.B. Giddings, S. Kachru and J. Polchinski, hep-th/0105097. [10] F. Cachazo and C. Vafa, hep-th/0206017. [11] K. Becker and M. Becker, JHEP 0107 (2001) 038. [12] C. Beasley and E. Witten, hep-th/0203061.

[13] G. Curio, A. Klemm, D. Lust and S. Theisen, Nucl. Phys. B609 (2001) 3. [14] J. Louis and A. Micu, hep-th/0202168.

[15] J. Curio, A. Klemm, B. Kors and D. Lust, Nucl. Phys. B620 (2002) 237. [16] M. Haak and J. Louis, Phys. Lett. B507 (2001) 296. [17] G. Dall’Agata, JHEP 0111 (2001) 005.

[18] L. Andrianopoli, R. D’Auria, S. Ferrara and M. A. Lledó, hep-th/0204145.

[19] R. D’Auria, S. Ferrara and S. Vaulà, hep-th/0206241.

[20] V.A. Tsokur and Y. M. Zinovev, Phys. Atom. Nucl. 59 (1996) 2192, hep-th/9411104;

V.A. Tsokur and Y.M. Zinovev, Phys. Atom. Nucl. 59 (1996) 2185, hep-th/9411096; V.A. Tsokur and Y.M. Zinovev, Phys. Lett. B378 (1996) 120.

[21] R. Barbieri, E. Cremmer and S. Ferrara, Phys. Lett. B163 (1985) 143. [22] L. Andrianopoli, R. D’Auria and S. Ferrara, JHEP 0203 (2002) 025. [23] J. Louis, hep-th/0203138.

[24] L. Castellani et al, Nucl Phys. B268 (1986) 317.

[25] K. Becker, M. Becker, M. Haack, J. Louis, JHEP 0206 (2002) 060, hep-th/0204254. [26] L. Andrianopoli, R. D’Auria, S. Ferrara and M. A. Lledó, hep-th/0202116. [27] R.C. Myers, JHEP 9912 (1999) 022.