arXiv:hep-th/0105187 v2 7 Aug 2001

Preprint typeset in JHEP style. - PAPER VERSION hep-th/0105187

Dynamical Breaking of Supersymmetry in Noncommutative Gauge Theories

Chong-Sun Chu^a, Valentin V. Khoze^b and Gabriele Travaglini^b

aCentre for Particle Theory, Department of Mathematical Sciences, University of Durham, Durham, DH1 3LE, UK bCentre for Particle Theory and Institute for Particle Physics Phenomenology, Department of Physics, University of Durham, Durham, DH1 3LE, UK E-mail: chong-sun.chu, valya.khoze, gabriele.travaglini@durham.ac.uk

Abstract: We propose a new mechanism of spontaneous supersymmetry breaking in noncommutative gauge theories. We find that in N = 1 noncommutative gauge theories both supersymmetry and gauge invariance are dynamically broken. Supersymmetry is broken spontaneously by a Fayet-Iliopoulos D-term which naturally arises in a noncommutative U(n) theory. For a non-chiral matter content the Fayet-Iliopoulos term is not renormalized and its tree-level value can be chosen to be much smaller than the relevant string/noncommutativity scale. In the low energy theory, the noncommutative U(n) gauge symmetry is broken down to a commutative U(1) × SU(n). This breaking is triggered by the IR/UV mixing and manifests itself at and below the noncommutativity mass scale M_{NC} ∼ θ^{−1/2}. In particular, the U(1) degrees of freedom decouple from the SU(n) in the infrared and become arbitrarily weakly coupled, thus playing the role of the hidden sector for supersymmetry breaking.

Keywords: Non-Commutative Geometry, Supersymmetry Breaking, Gauge Symmetry.

1. Introduction

There has been a lot of interest in gauge theories on noncommutative spaces. One of the reasons for this interest is the natural appearance of noncommutativity [x^μ, x^ν] = iθ^{μν} in the framework of string theory and D-branes [1–5]. Noncommutative gauge theories are also fascinating on their own right mostly due to a mixing between the infrared (IR) and the ultraviolet (UV) degrees of freedom discovered in [6]. This IR/UV mixing does not occur in N = 4 supersymmetric noncommutative gauge theories [7]. The N = 4 gauge/supergravity correspondence was analysed in [8, 9]. The low-energy dynamics of noncommutative N = 2 supersymmetric U(N) Yang-Mills theories in the Coulomb phase was recently examined in [10, 11], where exact results were derived for the leading terms in the derivative expansion of the Wilsonian effective action. In this case the IR/UV mixing is present in the U(1) sector [12,13], but does not affect the SU(N) degrees of freedom. This leads to a dynamical breaking of noncommutative U(N) gauge symmetry, U(N) → U(1) × SU(N), at momentum scales k ≤ M_{NC} ∼ θ^{−1/2}, with the U(1) degrees of freedom becoming arbitrarily weakly coupled and approaching a free theory, g_{U(1)} → 0, as k → 0. The remaining SU(N) degrees of freedom are strongly coupled in the IR and are described by the ordinary commutative Seiberg-Witten solution. At the same time, in the UV region, k ≫ M_{NC} ∼ θ^{−1/2}, the full noncommutative U(N) gauge invariance is restored.

In this paper we analyse noncommutative U(N) gauge theories with N = 1 supersymmetry. Our principal result is the observation that these theories generically exhibit dynamical supersymmetry breaking (DSB), which does not occur in theories with N > 1.

To illustrate this general point we will concentrate here on N = 1 noncommutative U(N) theories with fundamental non-chiral matter content such as SQCD. The standard commutative relative of this theory, SU(N) SQCD, has non-vanishing Witten index I_{SU(N)} = N, which is the main topological obstacle for breaking supersymmetry. However, in the noncommutative set-up the gauge group must be U(N) and the Witten index is zero, I_{U(N)} = I_{U(1)} · I_{SU(N)} = 0 · 1 = 0. Thus, one concludes that supersymmetry can be at least in principle broken spontaneously even in the non-chiral matter context. The simplest scenario of supersymmetry breaking can be immediately realized by introducing the Fayet-Iliopoulos D-term (FI) L_{F I} = ξ_{F I} ∫ d^2θd^2θ̄ tr_N V , (1.1)

where V is the real U(N) vector superfield^1, and the trace over the N by N matrices selects the U(1)-component of V . The FI action, ∫ d^4xL_{F I} , is U(N) gauge invariant and can be naturally introduced at tree-level in our U(N) theory. It is well-known that ξ_{F I} is not renormalized

1Superfield formulation for noncommutative supersymmetric field theories was introduced in [14–16].

perturbatively or non-perturbatively [17–19] beyond the 1-loop level and the 1-loop correction trivially vanishes for theories with non-chiral matter. Hence, the tree-level value of ξ_{F I} is a modulus of the theory and can be taken to be, for example, 0 < ξ_{F I} /g^2 ≪ M^2_{NC} . In this case we will see below that in our simple SQCD example the supersymmetry breaking scale will be of order √ ξ_{F I} /g ≪ M_{NC} . DSB in other theories, including 3-2-1 models, will be analysed elsewhere [20].

Is noncommutativity really necessary for this type of supersymmetry breaking? One might consider ordinary commutative theories with gauge group U(1) × SU(N) and introduce a U(1) FI term as in [21–23]. Note however that the U(1)×SU(N) models can exist only as low-energy effective theories since in the commutative set-up U(1) will necessarily have a Landau pole in the UV. It is well-known that any attempt to grand-unify a U(1) × SU(N) theory will render the FI term gauge non-invariant. On the other hand any unitary noncommutative gauge theory automatically contains the overall U(1) factor which will be asympotically free in the UV, and will not contain a Landau pole.

We now summarize the results of this paper. In section 2 we study the supersymmetry breaking pattern in the N = 1 noncommutative SQCD with gauge group U(N) and N_f < N fundamental flavours. We find that in the presence of a FI term supersymmetry is always spontaneously broken. We find that the vacuum of the theory lifts the D-flatness condition, and breaks gauge symmetry down to U(N − N_f ). In section 3 we show that in the low-energy theory this gauge group manifests itself as a commutative U(1) × SU(N − N_f ). We find that the leading order terms in the derivative expansion of the Wilsonian effective action read:

L_{eff} = − 1 4g^2_1 (k)

F^{U(1)}_{μν} F^{U(1)}_{μν} − 1 4g^2_{N −Nf} (k) F^{SU(N −Nf)} μν F^{SU(N −Nf)} μν + · · · , (1.2) where the dots stand for the superpartners of the gauge kinetic terms, terms involving matter fields and higher-derivative corrections. The multiplicative coefficients in front of the gauge kinetic terms in (1.2) define the Wilsonian coupling constants of the corresponding gauge factors. Their dependence on the Wilsonian scale k is displayed in Figure 1. In particular the running of the U(1) has the following asymptotic behaviour: 1 g^2_1 (k) → 3N − N_f (4π)^2 log k^2 , as k^2 → ∞ , (1.3) 1 g^2_1 (k) → 3(N − N_f ) (4π)^2 log 1 k^2

, as k^2 → 0 , (1.4)

while that for the SU(N − N_f ) gauge factor is 1 g^2_{N −Nf} (k) → 3N − N_f (4π)^2 log k^2 , as k^2 → ∞ , (1.5) 1 g^2_{N −Nf} (k) → 3(N − N_f ) (4π)^2 log k^2 , as k^2 → 0 . (1.6)

Notice that the two effective coupling constants are identical in the UV and run in opposite directions in the IR (below M_{NC} ). We interpret this as having full noncommutative U(N) gauge symmetry in the UV, which is dynamically broken to U(1) × SU(N − N_f ) in the low-energy theory. This intriguing breaking of the gauge symmetry is due to the IR/UV mixing which affects only the U(1) factor [11, 12].

Figure 1: Running of the couplings as a function of the Wilsonian scale k. Here m denotes a typical mass of gauge bosons and matter fields.

Supersymmetry is broken due to the FI term in the U(1) sector, which eventually becomes arbitrarily weakly coupled in the IR. We thus provide a natural scenario for a gauge-mediated supersymmetry breaking in which the U(1) factor plays the role of the hidden sector. Both the hidden sector and the messenger sector are naturally part of the noncommutative U(N) gauge theory.

2. Spontaneous Supersymmetry Breaking in Noncommutative SQCD

Here we will concentrate on N = 1 supersymmetric noncommutative U(N) QCD with N_f flavours Q and Q̃. For concreteness we will consider the case of N_f ≤ N − 1. The matter content of the theory is described by N_f chiral fields Q^{iI} in the representation N, and N_f chiral fields Q̃_{iI} in the anti-fundamental representation N̄ . Here i = 1, . . . , N; I = 1, . . . , N_f . The physical component fields contained in Q^{iI} (resp. Q̃_{iI} ) are the scalars q^{iI} and quarks ψ^{iI} (resp. q̃_{iI} and ψ̃_{iI}). The noncommutative U(N) gauge symmetry acts as Q^{iI} → U^i_j ∗ Q^{jI} , Q̃_{iI} → Q̃_{jI} ∗ (U^{−1})^j_i , (2.1) where ∗ denotes the star-product, (ϕ ∗ χ)(x) ≡ ϕ(x)e^{i2 θμν} ← ∂μ^→∂ν χ(x) . (2.2) The U(N) gauge multiplet is described by the real vector superfield V = V^AT^A, whose physical components are the vector fields A^A_μ and the gluinos λ^A, A = 0, . . . , N^2 − 1. The field strength superfield is then given by W_α = − 1 4 D̄D̄e^{−2V}_∗ ∗ D_αe^{2V}_∗ . (2.3) Note that since the star-product only acts in the x-space, and does not affect Grassmann superspace coordinates θ and θ̄, the supercovariant derivatives D and D̄ behave as constants with respect to the star-product.

In the limit of massless flavours, the microscopic Lagrangian of SQCD is given by L_{micro} = 1 4g^2 ( ∫ d^2θ W^A ∗ W^A + h.c.) + ∫ d^4θ (Q^† ∗ e^{2V}_∗ ∗ Q + Q̃ ∗ e^{−2V}_∗ ∗ Q̃^†) . (2.4) The anomaly-free global symmetry of the massless theory is G = SU(N_f )_{left} × SU(N_f )_{right} × U(1)_R . (2.5) Here U(1)_R denotes the anomaly free combination of the axial symmetry U(1)_A and the Rsymmetry U(1)_X . Also note that the vector symmetry U(1)_V is not included into (2.5) as it is a subgroup of the U(N) gauge symmetry.

A tree-level superpotential can be added to the theory

W_0 = ∫ d^2θ

N_f∑

I=1,J m_I^J M_J^I (2.6)

which introduces bare masses for flavours. Here we defined the meson superfield M_J^I = Q̃_{iJ} ∗ Q^{iI} , (2.7) which is gauge invariant^2 under the noncommutative U(N) (2.1). M transforms in the representation (N_f , N_f ) of the chiral group U(N_f )_{left} × U(N_f )_{right}. Using the global symmetry (2.5)

2It appears to be challenging to construct a gauge invariant baryon operator.

of the massless Lagrangian, one can diagonalize the mass matrix: m_I^J = m_I δ_I^J . The nonrenormalization theorems for F-terms were shown to hold in the noncommutative case as usual [14]. Hence the tree-level superpotential is not renormalized at any order in perturbation theory.

For N_f ≤ N − 1, in addition to the tree-level superpotential W_0 one has to include a nonperturbative Affleck-Dine-Seiberg (ADS) superpotential [24] which is generated dynamically exactly in the same manner as in the ordinary commutative case [24–26],

W_1 = (N − N_f ) Λ^{3N −NfN −N}f (det_∗M)^{− 1N −N}f , (2.8)

where the determinant for a N_f × N_f matrix M is defined by det_∗M = ϵ^{i1···iNf} M_{i1}^{j1} ∗ · · · ∗ M_{iNf}^{jNf} ϵ^{i1···iNf} . (2.9) The origin of this potential is similar to that in the commutative case. The functional form of W_1 is determined by gauge invariance under the noncommutative U(N), the flavour symmetry SU(N_f )_{left} × SU(N_f )_{right} and the fact that it must have R-charge equal to two.

Finally, and most importantly, we add a Fayet-Iliopoulos D-term (1.1). As already mentioned in the Introduction, the FI action is U(N) gauge invariant and can be naturally introduced at tree-level in our U(N) theory. The well-known result [17–19] that ξ_{F I} is not renormalized perturbatively or non-perturbatively beyond the 1-loop level also holds in the noncommutative case. The 1-loop correction is proportional to the sum of the U(1) matter charges and trivially vanishes in SQCD, and in general for theories with non-chiral matter. This means that a tree level FI term ξ_{F I} is protected from any quantum corrections, perturbative or nonperturbative, and is a modulus of the theory.

We can now determine the vacua of the theory. The scalar potential is given by

V = V_1 + V_2, V_1 = |f|^2 + |f̃|^2, V_2 = 1 2g^2

D^2, (2.10)

where f_{iI} = ∂ ∂q^{iI} (W_0(q, q̃) + W_1(q, q̃)) , f̃^{iI} = ∂ ∂q̃_{iI} (W_0(q, q̃) + W_1(q, q̃)) , (2.11) and D^A =

N_f∑

I=1 (q^†_{iI} T^{Ai}_jq^{jI} − q̃_{iI} T^{Ai}_jq̃^{†jI} ) − ξ_{F I} δ^{A0}. (2.12) Including the mass term (2.6), the ADS superpotential (2.8) and the FI D-term (1.1), one obtains

f_{iI} = −Λ^{3N −NfN −N}f (det_∗M)^{− 1N −N}f 1 q^{iI} + m_Iq̃_{iI} , (2.13) and a similar expression for f̃^{iI} . In order to find the minimum of V , we first apply the global rotations in the colour and flavour spaces and bring q, q̃ to the form, q^{iI} = v_I δ^{iI}, q̃_{iI} = ṽ_I δ^{iI}, 1 ≤ i ≤ N_f , q^{iI} = q̃_{iI} = 0, otherwise. (2.14) It is useful to note that

N_f∑

I=1 q^{iI}q^†_{jI} = { δ^{ij}|v_i|^2, 1 ≤ i, j ≤ N_f , 0, otherwise,

(2.15)

and D^A simplifies to

D^A =

N_f∑

i=1 T^{Ai}_i(|v_i|^2 − |ṽ_i|^2) − ξ_{F I} δ^{A0} . (2.16)

Using the completeness relation for the U(N) generators,

N^2−1∑

A=0 T^{Ai}_jT^{Ak}_l = 1 2 δ_{jk}δ_{il}, (2.17)

one finds that V_2 is minimized for (v_i, ṽ_i) satisfying

|v_i|^2 − |ṽ_i|^2 = √ 2 N ξ_{F I} , i = 1, . . . , N_f , (2.18)

or v_i = ṽ_i = 0. We reject the latter solution since for vanishing VEVs the ADS superpotential diverges. We also note that the right hand side of (2.18) does not depend on i. Obviously, V will attain its global minimum if there are (v_i, ṽ_i) among (2.18) that also satisfy f^{iI} = f̃_{iI} = 0. (2.19) The solution of (2.19) is easily determined. It is

v_Iṽ^∗_I = r^2 m_I e^{2πin/N} , n = 1, . . . , N, (2.20) where

r^2 = Λ^2(

N_f∏

I=1 m_I)^{NfN} Λ^{N −NfN} . (2.21)

Writing v_I = R_I e^{iθI} , v_I = R̃_I e^{iθ̃I} , the vacua of the theory are given by the solutions (R, R̃) to the equations

R^2_I − R̃^2_I = √ 2 N ξ_{F I} , R_IR̃_I = r^2 m_I , (2.22) and θ_I − θ̃_I = 2πin/N. Note that at the minimum one can write 1 ξ_{F I} D^A = √ 2 N tr(T^AP_f ) − δ^{A0}, (2.23)

where

P_f = ( 11_{Nf×Nf} 0_{Nf ×(N −Nf )} 0_{(N −Nf )×Nf} 0_{(N −Nf )×(N −Nf)} ) (2.24)

is the unit matrix in the flavour space. From Eq. (2.23) it is easy to read off which components of D^A are lifted. The minimum value of V can be easily computed, ⟨V ⟩ = 1 2g^2 ξ^2_{F I} (1 −

N_f N ) , (2.25)

and it does not depend on m_I and Λ. Since ⟨V ⟩ > 0 supersymmetry is spontaneously broken. The mass spectrum of the matter field components is affected by the FI term ξ_{F I} . In particular, the mass squares of the matter scalars are shifted by ±ξ_{F I} /g^2 while the fermion masses are unaffected in the leading order. This boson-fermion mass non-degeneracy is the consequence of supersymmetry breaking.

Vacuum expectation values of the scalars also break the U(N) gauge symmetry down to U(N − N_f ). Then N^2_f of the broken gauge multiplet degrees of freedom acquires masses g √ R^2 + R̃^2, and the remaining 2N_f (N − N_f ) ones get masses g √ (R^2 + R̃^2)/2. Here there are no splittings of the superpartner masses. Finally, since the F-flatness (but not the D-flatness) condition is satisfied in the vacuum, the Goldstino is simply given by ∑ A⟨D^A⟩λ^A.

3. Dynamical Breaking of Gauge Symmetry

In [11, 13, 27], the background field perturbation theory was applied to noncommutative U(N) gauge theories. The gauge field A_μ is decomposed into a background field B_μ and a fluctuating quantum field N_μ,

A_μ = B_μ + N_μ. (3.1)

The effective action S_{eff} [B] is obtained by functionally integrating out all quantum fluctuations. The leading term in the derivative expansion of the effective action takes the form

S_{eff} [B] = 2 ∫ d^4k (2π)^4

B^A_μ (k)B^B_ν (−k) Π^{AB}_{μν} + · · · (3.2)

Here Π^{AB}_{μν} is the Wilsonian polarization tensor [13], and in supersymmetric theories it has the form

Π^{AB}_{μν} (k) = Π^{AB}(k^2, k̃^2)(k^2δ_{μν} − k_μk_ν ) . (3.3)

Introducing the matrix of Wilsonian couplings through the relation [ 1 g^2_{eff} (k) ]_{AB} = δ^{AB} g^2_{micro}

+ 4Π^{AB}(k^2, k̃^2) , (3.4)

one can write the effective action as

S_{eff} = − [ 1 4g^2_{eff} ]_{AB} ∫ d^4x F^A_{μν}F^B_{μν} + · · · (3.5)

The one-loop polarization tensor for the U(N) theory was analysed and it was found in [11] that the planar and non-planar contributions are given by [Π^{AB}]^{planar} = N δ^{AB}Π^{planar} , [Π^{AB}]^{np} = N δ^{A0}δ^{B0}Π^{np} , (3.6)

where Π^{planar}(k^2) = 2 (4π)^2 ( ∑ j,r α_jC(j)C(r) ) [ 2 ϵ − γ_E − ∫_1 0 dx log x(1 − x)k^2 4πμ^2 ] + O(ϵ), (3.7)

Π^{np}(k^2, k̃^2) = −

4C(G) ∑_′ j α_jC(j) (4π)^2

∫_1 0 dx K_0( √ x(1 − x)|k||k̃|) . (3.8) Here k̃^μ = θ^{μν} k_ν , j is a spin index and α_j is equal to +1 (−1) for ghost (scalar) fields and to +1/2 (−1/2) for Weyl fermions (gauge fields). Moreover

C(j) ≡ 0 for scalars, 1 2 for Weyl fermions, 2 for vectors, (3.9)

and C(r) is the Dynkin index for the representation r. The sum in (3.7) is extended to all fields in the theory, including ghosts, whereas the sum in (3.8) excludes fields in the (anti)- fundamental representation, which do not contribute to the non-planar diagrams. For the sake of simplicity the expressions in (3.7) and (3.8) are written for the case when all the fields propagating in the loops are massless. For massive fields these expressions have to be modified accordingly [11, 13]. In particular, when the momentum scale k falls below the mass of a particular field, the contribution of this field should not be included in the summations.

We now examine more closely the Wilsonian polarization function (3.6). Note that the planar piece is UV divergent and has the gauge invariant structure δ^{AB}. These terms, as well as the other UV divergent terms that arise in 3- and 4-point functions, were examined in [12, 28]. It was found in that [28] these UV divergences can be subtracted in the traditional way using counter terms, thus proving that the theory is 1-loop renormalizable. However, a closer examination of the nonplanar contributions shows that the quadratic part of the effective action is not gauge invariant due to the emergence of the gauge non-invariant structure δ^{A0}δ^{B0}. It was also argued in [29] that in the N = 4 gauge theory, the complete (all-orders) effective action is gauge invariant. What we see here is that, as far as the low energy effective action (3.5) is concerned, the noncommutative gauge symmetry is broken and is replaced by the commutative U(1) × SU(N) gauge symmetry. We stress that this does not imply that the theory is inconsistent. By including all the higher derivative terms, one might hope to recover the noncommutative gauge symmetry. But our results show that in the low energy effective theory the noncommutative gauge symmetry is replaced by the commutative one. Temporarily neglecting the masses of the fields in the loops, the running of the Wilsonian coupling constant is given by (3.4) [ 1 g^2_{eff} (k^2) ]_{AB} = 3N − N_f (4π)^2 ( log k^2 Λ^2 − 2 ) δ^{AB} + 6N (4π)^2

∫_1 0 dx K_0( √ x(1 − x)|k||k̃|) δ^{A0}δ^{B0} . (3.10)

In the UV regime this directly leads to Eqs. (1.3), (1.5). In the IR regime one has to decouple the N_f flavours of massive matter as well as all the massive gauge multiplets. This amounts to setting in (3.10) first N_f = 0 and then replacing N → N − N_f . This leads to Eqs. (1.4), (1.6). The general running of the Wilsonian couplings is represented in Figure 1. The change of slope is due to a decoupling of massive fields.

Acknowledgements

We would like to thank Gordy Kane for useful comments and discussions on future applications [20]. We are also grateful to Nick Dorey, Tim Hollowood, Adrian Signer and Jon Levell for discussions. This work was partially supported by a PPARC SPG grant.

References

[1] A. Connes, M. R. Douglas and A. Schwarz, “Noncommutative geometry and matrix theory:

Compactification on tori,” JHEP 9802 (1998) 003, hep-th/9711162.

[2] M. R. Douglas and C. Hull, “D-branes and the noncommutative torus,” JHEP 9802 (1998) 008,

hep-th/9711165.

[3] C. Chu and P. Ho, “Noncommutative open string and D-brane,” Nucl. Phys. B 550 (1999) 151,

hep-th/9812219.

[4] V. Schomerus, “D-branes and deformation quantization,” JHEP 9906 (1999) 030,

hep-th/9903205.

[5] N. Seiberg and E. Witten, “String theory and noncommutative geometry,” JHEP 9909 (1999) 032, hep-th/9908142.

[6] S. Minwalla, M. Van Raamsdonk and N. Seiberg, “Noncommutative perturbative dynamics,” JHEP 0002 (2000) 020, hep-th/9912072.

[7] A. Matusis, L. Susskind and N. Toumbas, “The IR/UV connection in the non-commutative gauge theories,” JHEP 0012 (2000) 002, hep-th/0002075.

[8] A. Hashimoto and N. Itzhaki, “Non-commutative Yang-Mills and the AdS/CFT correspondence,” Phys. Lett. B465 (1999) 142, hep-th/9907166.

[9] J. M. Maldacena and J. G. Russo, “Large N limit of non-commutative gauge theories,” JHEP 9909 (1999) 025, hep-th/9908134.

[10] A. Armoni, R. Minasian and S. Theisen, “On non-commutative N=2 super Yang-Mills,”

hep-th/0102007.

[11] T. J. Hollowood, V. V. Khoze and G. Travaglini, “Exact results in noncommutative N=2 supersymmetric gauge theories,” hep-th/0102045.

[12] A. Armoni, “Comments on perturbative dynamics of non-commutative Yang-Mills theory,” Nucl.

Phys. B 593, 229 (2001) [hep-th/0005208].

[13] V. V. Khoze and G. Travaglini, “Wilsonian effective actions and the IR/UV mixing in noncommutative gauge theories,” JHEP 0101 (2001) 026, hep-th/0011218.

[14] C. Chu and F. Zamora, “Manifest supersymmetry in non-commutative geometry,” JHEP 0002 (2000) 022, hep-th/9912153.

[15] S. Ferrara and M. A. Lledo, “Some aspects of deformations of supersymmetric field theories,” JHEP 0005 (2000) 008, hep-th/0002084.

[16] S. Terashima, “A note on superfields and noncommutative geometry,” Phys. Lett. B 482 (2000) 276, hep-th/0002119.

[17] W. Fischler, H. P. Nilles, J. Polchinski, S. Raby and L. Susskind, “Vanishing Renormalization Of The D Term In Supersymmetric U(1) Theories,” Phys. Rev. Lett. 47 (1981) 757.

[18] M. Dine, “Supersymmetry phenomenology (with a broad brush),” in Fields, Strings, and Duality TASI 96 lectures, hep-ph/9612389.

[19] S. Weinberg, “Non-renormalization theorems in non-renormalizable theories,” Phys. Rev. Lett.

80 (1998) 3702, hep-th/9803099.

[20] Work in progress.

[21] G. Dvali and A. Pomarol, “Anomalous U(1) as a mediator of supersymmetry breaking,” Phys.

Rev. Lett. 77 (1996) 3728, hep-ph/9607383.

[22] P. Binetruy and E. Dudas, “Gaugino condensation and the anomalous U(1),” Phys. Lett. B 389 (1996) 503, hep-th/9607172.

[23] N. Arkani-Hamed, M. Dine and S. P. Martin, “Dynamical supersymmetry breaking in models with a Green-Schwarz mechanism,” Phys. Lett. B 431 (1998) 329, hep-ph/9803432.

[24] I. Affleck, M. Dine and N. Seiberg, “Dynamical Supersymmetry Breaking In Supersymmetric QCD,” Nucl. Phys. B 241 (1984) 493.

[25] S. F. Cordes, “The Instanton Induced Superpotential In Supersymmetric QCD,” Nucl. Phys. B 273 (1986) 629.

[26] N. M. Davies and V. V. Khoze, “On Affleck-Dine-Seiberg superpotential and magnetic monopoles in supersymmetric QCD,” JHEP 0001 (2000) 015, hep-th/9911112.

[27] D. Zanon, “Noncommutative N = 1,2 super U(N) Yang-Mills: UV/IR mixing and effective action results at one loop,” Phys. Lett. B 502 (2001) 265, hep-th/0012009.

[28] L. Bonora and M. Salizzoni, “Renormalization of noncommutative U(N) gauge theories,” Phys.

Lett. B 504 (2001) 80, hep-th/0011088.

[29] M. Pernici, A. Santambrogio and D. Zanon, “The one-loop effective action of noncommutative N = 4 Super Yang-Mills is gauge invariant,” Phys. Lett. B 504 (2001) 131, hep-th/0011140.