arXiv:hep-th/0506078 v3 4 Aug 2005

Noncommutative Maxwell-Chern-Simons theory in three dimensions and its dual

E. Harikumar and Victor O. Rivelles Instituto de Física, Universidade de São Paulo, Caixa Postal 66318, 05315-970, São Paulo, SP, Brazil^∗

Abstract

We consider the Maxwell-Chern-Simons theory in noncommutative three dimensional space-time. We show that the Seiberg-Witten map is ambiguous due to the dimensional coupling constant. To get the dual theory we start from a master action obtained by promoting the global shift invariance to a local one. We also obtain the mapping between the observables of the two equivalent theories. We show that the equivalence between the Maxwell-Chern-Simons theory and the self-dual model in commutative space-time does not survive in the non-commutative setting.

PACS numbers: 11.10.Nx, 11.15-q, 11.10.Kk, 11.25.Tq

∗Electronic address: hari@fma.if.usp.br,rivelles@fma.if.usp.br

I. INTRODUCTION

The study of non-commutative (NC) space-time and its implication in physics has a long history [1]. The renewal of interest is due to the recent developments in NC geometry [2] and string theory [3]. The Moyal product defined in NC space-time, which replaces the ordinary product in commutative space-time, introduces highly non-local and non-linear interaction terms which are not present in ordinary theories. Because of this, NC theories have many novel features which are not shared by their commutative counterparts [4]. The UV/IR mixing, which is characteristic of NC theories, usually breaks down renormalizability [5, 6]. Supersymmetry is essential to recover renormalizability [7] and NC supersymmetric field theories [8] as well as supersymmetric quantum mechanical models [9] have been constructed and investigated. Fermionic field theories on NC manifolds have been studied and shown to be free of the fermion doubling problem [10]. Due to the interesting new properties they share it is of utmost importance to investigate the NC generalizations of well established notions of commutative gauge theories.

Different descriptions of the same theory in commutative space-time have been useful in several branches of physics because they usually lead to the concept of duality [11]. Many interesting studies aiming to extend the duality in commutative space-time to the NC setting have been performed [12–17]. The generalization of the well known equivalence between the Maxwell-Chern-Simons (MCS) theory and the self-dual (SD) model [18] to NC space-time has also been investigated. The master action technique, which was used to establish the equivalence between these models in commutative space-time, has been adopted in [14] and [15] and these authors have reached different conclusions regarding the equivalence in the NC setting. In [15], after eliminating some of the fields from the master action, the perturbative solution to the field equations were used and it was argued that the NCMCS theory is equivalent to the NCSD model when the Chern-Simons (CS) term has a cubic contribution like in the non-Abelian case. In [14], however, which also used the master action method, it was argued that the NCMCS theory constructed by applying the inverse Seiberg-Witten (SW) map [3], is equivalent to a theory where the cubic interaction of the vector field is absent in the CS term. A different approach to study the equivalence has been adopted in [16]. Using an iterative embedding method [19] for the NCSD model, a dual equivalent theory was constructed to all orders in the NC parameter. This dual model differs from

NCMCS theory in the coefficient of the cubic interaction of the CS term and this breaks gauge invariance. In [17], the SW mapped NCMCS theory was argued to be equivalent to a theory where the effect of noncommutativity appears through a non-covariant term. This term vanishes in the commutative limit and the SD model is then recovered. It is then imperative, using alternative approaches, to reexamine the relation between NCMCS theory and NCSD model since the previous studies are inconclusive. Also, this result has interesting implications for deriving the bosonization rules for the NC massive Thirring model [14, 15].

In this paper we use a procedure which was applied to get a dual description of the sigma model [20] and was also used recently to show the equivalence between massive Abelian gauge theories in 3 + 1 dimensions [21]. We first apply the procedure to the partition function of the SW mapped NCMCS theory to order θ and derive the dual theory also to order θ. We then argue that this result can be extended to all orders in θ. From the dual theory constructed, we show that the equivalence between the MCS theory and the SD model do not get generalized to the NC setting. In our way to derive the SW map for the NCMCS theory we found that the presence of a massive coupling constant turns the map ambiguous. An infinite number of terms can be present in the map but we choose the minimal set required by the map.

II. AMBIGUITY IN THE SEIBERG-WITTEN MAP

The SW map is obtained by requiring that an ordinary gauge transformation on A_μ with parameter λ is equivalent to a NC gauge transformation on Â_μ with gauge parameter λ̂ so that ordinary gauge fields that are gauge equivalent are mapped into NC gauge fields that are also equivalent. In four dimension, where it was originally derived, the SW map for the Abelian gauge theory to first order in θ is given by

Â_μ = A_μ − 1 2 θ^{αβ} A_α(2∂_βA_μ − ∂_μA_β), (1) λ̂ = λ + 1 2 θ^{αβ}∂_αλA_β. (2) The NC action, when expanded to first order in θ,

Ŝ = −1 4 ∫ d^4x f̂^{μν} (f̂_{μν} + 2θ^{αβ}∂_αÂ_μ∂_βÂ_ν ), (3) with f̂_{μν} = ∂_μÂ_ν − ∂_νÂ_μ, gives rise to the SW action S_{SW} = − 1 4 ∫ d^4x [ f^2 + 2θ^{αβ} (f^{μν} f_{μα}f_{νβ} − 1 4 f_{αβ}f^2) ] . (4)

The question we are interested in is the freedom allowed by the SW map. Due to its nature we can add to the map (1) any gauge invariant term built with θ and derivatives of the gauge field with the right dimension and the new map will still be a SW map. The question is then how the SW action will be affected. To answer this question let us note that by adding to the map (1) a term like δÂ_μ = θ^{αβ}T_{μαβ}, (5) we get a contribution to the action (4) like δŜ = − ∫ d^4x θ^{αβ}f^{μν} ∂_μT_{ναβ} . (6) Then if this integral vanishes we will not get any new contribution to the SW action. Since in four dimensions the gauge field has dimension one the only gauge invariant terms we can add to the SW map have T_{μαβ} of the form ∂_μf_{αβ}, ∂_αf_{μβ} and ∂^ρf_{ρβ}η_{αμ}. The first term is a gauge transformation to order θ [22] and gives no contribution to the SW action. The second one is proportional to the first after applying the Bianchi identity. Finally, the third term gives no contribution to the action since the integral in (6) vanishes. Then the SW map to order θ is essentially unique in four dimensions. However, as we shall see, in three dimensions the situation is completely different.

In three dimensions the NCMCS theory is described by the Lagrangian L̂_{N CM CS} = − 1 4g^2 F̂_{μν} ∗ F̂^{μν} + μ 2 ϵ_{μνλ}Â^μ ∗ (F̂^{νλ} + 2i 3 Â^ν ∗ Â^λ), (7)

where F̂_{μν} = ∂_μÂ_ν − ∂_νÂ_ν − i[Â_μ, Â_ν ]_∗ while the NCSD model with a compensating Stückelberg field has a Lagrangian given by L̂_{N CSD} = g^2 2 (f̂_μ − b̂_μ) ∗ (f̂^μ − b̂^μ) − 1 2k ϵ_{μνλ}f̂^μ ∗ (∂^νf̂^λ − 2i 3 f̂^ν ∗ f̂^λ), (8)

where b̂_μ = iÛ^{−1} ∗ ∂_μÛ, Û ∈ U(1). The NCMCS theory is invariant under the U(1) gauge transformation Â_μ → Û^{−1} ∗ Â_μ ∗ Û + iÛ^{−1} ∗ ∂_μÛ, (9) while the NC Stückelberg-SD Lagrangian is invariant under

f̂_μ → Û^{−1} ∗ f̂_μ ∗ Û + iÛ^{−1} ∗ ∂_μÛ, Û → Û ∗ Û. (10) We should remark that for the pure NCCS theory the SW map has the form (1) if the CS coefficient μ is chosen to be dimensionless so that the gauge field has dimension one. The pure NCCS theory has the remarkable property that the SW action has no dependence whatsoever in θ [23].

In the NCMCS theory and NCSD model the situation is rather different since one of the couplings must be dimensionfull and this choice determines the gauge field dimensionality. If we make the usual choice for the gauge field dimensionality to be one then g^2 in the NCMCS theory has dimension one and we can use the SW map (1) to obtain L_{SW} = − 1 4g^2 [ F_{μν} F^{μν} + 2θ^{αβ} F_{αμ}F_{βν}F^{μν} − 1 2 θ^{αβ}F_{αβ}F_{μν} F^{μν} ] + μ 4 ϵ^{μνλ}A_μF_{νλ}. (11) The fact that g^2 has dimension one means now that the SW map (1) has an arbitrariness since we can add an infinite number of gauge invariant terms, all linear in θ, but with different powers of derivatives of F_{μν} . These arbitrary terms in the SW map have the form g^6θ^{αβ}T_{μαβ} where the g^6 factor was chosen so that T_{μαβ} is a dimensionless function of F_{μν} and its derivatives times an appropriate power of g. We should then ask whether such terms contribute to the SW action (11). We find that their contribution has the form ∫ d^3x F^{μν} (∂_μT_{ναβ} − μg^2ϵ_{μνρ}T^ρ_{αβ}). (12) Let us now examine the first terms in the expansion of T_{μαβ} in powers of 1/g. The leading terms are 1 g^4 ϵ_{αβρ}F^ρ_μ, 1 g^4 ϵ_{μ[α}^ρF_{β]ρ}. (13) The first term can be removed by a gauge transformation and a rigid translation while for the second term (12) vanishes so both can be disregarded. The next terms have the form 1 g^6 ∂_μF_{αβ}, 1 g^6

∂_{[α}F_{β]μ}, (14)

and again the first term can be removed by a gauge transformation while the second is proportional to the first after using the Bianchi identity. Higher order terms, however, can contribute. For instance, to order 1/g^8 we find that ϵ_{μαβ}F^2 gives a non trivial contribution since (12) does not vanish. Its contribution to the SW action (11) is − 1 g^4 θ^{αβ} ϵ_{αβμ}F^2∂_ν F^{μν} − 2μ g^2 θ^{αβ}F_{αβ}F^{μν} F_{μν} . (15) Notice that we get a contribution of order 1/g^2 and the coefficient of such a contribution could be chosen to cancel the corresponding term in (11).

The ambiguity found here is not of the same sort as that found by successive applications of the SW map [22]. Here it arises because the model has a dimensionfull coupling constant. If we require the SW map to be universal in the sense that it applies to any gauge theory then such terms are not present. We will take this point of view from now on.

In [24] the SW map for the NC Stückelberg-Proca theory has been obtained by requiring that in the unitary gauge it gives the Proca theory. Using the same criterion, the SW map for the NC Stückelberg-SD model is found to be

f̂_μ = f_μ − 1 2 θ^{αβ}b_α(2∂_βf_μ − ∂_μb_β), b̂_μ = b_μ + 1 2 θ^{αβ}∂_αb_μb_β , (16)

while the gauge parameter transforms as α̂ = α − 1 2 θ^{αβ}b_α∂_βα. (17) Applying the map to (8) we obtain the SW mapped action L_{SW SD} = ∫ d^3x g^2 2 [ (f_μ − b_μ)(f^μ − b^μ) + θ^{αβ}(f_μ − b_μ)(2b_α∂_βf_μ − b_α∂_μb_β + ∂_αb_μb_β) ]

− 1 4k ∫ d^3xϵ_{μνλ}f^{μν} f^λ − θ^{αβ}ϵ_{μνλ} [ f^{μν} b_α(2∂_β f^λ − ∂^μb_β) + 4 3 f^μ∂_αf^ν ∂_βf^λ ] . (18)

III. EQUIVALENCE OF THE MCS THEORY AND THE SD MODEL

In order to make the procedure of deriving the dual theory in NC space-time more transparent and also to set up our notation, we present a brief derivation of the well known equivalence between the MCS theory and the SD model in commutative space-time. The MCS theory described by the Lagrangian L_{M CS} = − 1 4g^2 F_{μν} F^{μν} + μ 2 ϵ_{μνλ}A^μ∂^ν A^λ, (19) is invariant under the U(1) gauge transformation A_μ → A_μ +∂_μα while the SD model, whose Lagrangian is L_{SD} = g^2 2 f_μf^μ − 1 2k ϵ_{μνλ}f^μ∂^ν f^λ, (20) has no such an invariance since the f_μf^μ term breaks the symmetry. Their equivalence has been analyzed using a phase space path integral approach [25] and it was shown that the SD model is equivalent to a gauge fixed version of MCS theory. Also, this equivalence has been studied within the generalized canonical framework of Batalin and Fradkin in [26]. It was shown that the gauge invariant formulation obtained by the Hamiltonian embedding of SD model is equivalent to the U(1) invariant MCS theory, clarifying the equivalence between both theories in spite of the fact that they have different gauge structures. The procedure employed here also sheds light into this issue as we shall see.

The MCS theory is also invariant under a global shift of the vector field A_μ → A_μ + ξ_μ apart from the U(1) gauge invariance. We first elevate this global shift symmetry to a local one by gauging it by an appropriate antisymmetric gauge field G_{μν} which transforms as G_{μν} → G_{μν} + ∂_μξ_ν − ∂_ν ξ_μ. To have the same physical content as our starting MCS theory we then constrain this gauge field to be non-propagating. This is done by introducing a Lagrange multiplier Φ which imposes the dual field strength of this gauge field to be flat. The result is L = − 1 4g^2

(F_{μν} − G_{μν} )(F^{μν} − G^{μν} ) + μ 4 ϵ_{μνλ}P^μ(F^{νλ} − G^{νλ}) − μ 8 ϵ_{μνλ}P^μ∂^ν P^λ + 1 4 ϵ_{μνλ}G^{μν} ∂^λΦ + 1 4 ϵ_{μνλ}J^μ(F^{νλ} − G^{νλ}), (21) where we have introduced an auxiliary field P_μ to linearize the CS term. This field has a U(1) gauge invariance P_μ → P_μ + ∂_μχ when the multiplier field transforms as Φ → Φ + μχ and A_μ → A_μ. The last term in the Lagrangian is a source J^μ coupling to the local shift invariant combination of A_μ and G_{μν} . The MCS theory is recovered from the above Lagrangian by eliminating the Φ field using its equation of motion.

To show the equivalence to the SD model we start from the partition function Z = ∫ DΦDP_μ DA_μDG_{μν} e^{−i ∫ d3xL}. (22) Integrations over G_{μν} and A_μ are Gaussian and can be done trivially leading to Z_{dual} = ∫ DΦDP_μ e^{−i ∫ d3xLef f} . (23)

After the redefinitions μP_μ = f_μ and Φ = Λ, we get the effective Lagrangian L_{ef f} = g^2 8 (f_μ − ∂_μΛ)(f^μ − ∂^μΛ) − 1 8μ ϵ_{μνλ}f^μ∂^ν f^λ + g^2 8 J_μJ^μ + g^2 4 (f^μ − ∂^μΛ)J_μ. (24)

This theory is invariant under the U(1) gauge transformation f_μ → f_μ + ∂_μα when the Stückelberg field transforms as Λ → Λ + α. We also note that the MCS coupling constant g^2 and the Chern-Simons parameter μ have both appeared as inverse couplings when compared with (20). We can now fix the gauge invariance in (24), for instance by choosing the unitary gauge Λ = 0, to recover the self-dual model given in (20). We thus conclude that the U(1) invariant MCS theory is dual to the U(1) invariant Stückelberg formulation of self-dual model.

From the partition functions (22) and (23) we derive the mapping between the n-point correlators for these theories. For the 2-point function, we get ⟨ ϵ_{μνλ}F^{νλ}(x) ϵ_{αβρ}F^{βρ}(y) ⟩ ≡ g^4 ⟨(f_μ − ∂_μΛ)(x) (f_α − ∂_αΛ)(y)⟩ + g^2g_{μα}δ(x − y), (25)

leading the identification (up to non-propagating contact terms) between the gauge invariant combinations ϵ_{μνλ}F^{νλ} ↔ g^2(f_μ − ∂_μΛ). (26) This equivalence between SD model and MCS theory has been extended to include interaction with matter [19]. It has been shown that the SD model minimally coupled to charged dynamical fermionic and bosonic matter fields is equivalent to a MCS theory nonminimally coupled to matter. In the weak coupling limit, it was shown in [27] that the non-Abelian MCS theory is equivalent to non-Abelian SD model and recently it was shown that, perturbatively, this equivalence exists in all regimes of the coupling constant [28].

After re-expressing the NCMCS theory (7) in terms of A_μ and θ^{αβ} using the SW map (1) we apply the above procedure to construct the corresponding dual theory. Then by comparing this dual theory with SW mapped NC Stückelberg-SD model, we study the status of their equivalence. We take up this in the next section.

IV. SEIBERG-WITTEN MAPPED MAXWELL-CHERN-SIMONS THEORY AND

DUALITY

By applying the SW map (1) to the NCMCS Lagrangian (7) we get to order θ L_{SW} = − 1 4g^2 [ F_{μν} F^{μν} + 2θ^{αβ} F_{αμ}F_{βν}F^{μν} − 1 2 θ^{αβ}F_{αβ}F_{μν} F^{μν} ]

+ μ 4 ϵ_{μνλ}P^μF^{νλ} − μ 8 ϵ_{μνλ}P^μ∂^ν P^λ, (27)

where an auxiliary field P_μ was introduced to linearize the CS term. We have also used the fact that the NCCS term gets mapped to the usual commutative CS term by the SW map [23]. After rewriting the above Lagrangian using auxiliary fields B_{μν} and C_{μν} as L_{SW} = − 1 4g^2 C_{μν} B^{μν} − μ 8 ϵ_{μνλ}P^μ∂^ν P^λ + μ 4 ϵ_{μνλ}P^μF^{νλ} − 1 4g^2 [ F_{μν} F^{μν} + 2θ^{αβ} C_{αμ}C_{βν} F^{μν} − 1 2 θ^{αβ}C_{αβ} C_{μν} F^{μν} − B_{μν} F^{μν} ] , (28)

we can now gauge the shift invariance of A_μ field as in the commutative case. Due to the introduction of B_{μν} and C_{μν} we see that G_{μν} will appear quadratically and this will simplify the calculation considerably. So, we introduce a gauge field G_{μν} to promote the global shift invariance of A_μ to a local one. We then get L_{SW} = − 1 4g^2 C_{μν} B^{μν} − μ 2 · 4 ϵ_{μνλ}P^μ∂^ν P^λ + μ 4 ϵ_{μνλ}P^μ(F^{νλ} − G^{νλ}) − 1 4 ϵ_{μνλ}G^{μν} ∂^λΦ − 1 4g^2 [ (F_{μν} − G_{μν} ) + (2θ^{αβ} C_{αμ}C_{βν} − 1 2 θ^{αβ} C_{αβ}C_{μν} ) − B_{μν} ] (F^{μν} − G^{μν} ). (29)

Starting with the partition function Z = ∫ DP_μDΦDC_{μν} DB_{μν} DA_μDG_{μν} e^{−i ∫ dx LSW} , (30) we can integrate over G_{μν} , A_μ and B_{μν} to get the partition function corresponding to the effective Lagrangian L_{ef f} = − μ 8 ϵ_{μνλ}P^μ∂^ν P^λ − 1 4g^2 C_{μν} C^{μν} + 1 4 ϵ_{μνλ}C^{μν} (μP^λ − ∂^λΦ) − 1 4g^2 C^{μν} [ 2θ^{αβ} C_{αμ}C_{βν} − 1 2 θ^{αβ}C_{αβ} C_{μν} ] . (31)

We have neglected higher order terms in θ in performing the Gaussian integrals. It is easy to see that in the commutative limit we get (20) when C_{μν} is eliminated by using its field equation and setting Φ = 0.

In the NC case C_{μν} can be eliminated perturbatively in θ. We then get L_{dual} = g^2 8 (f_μ − ∂_μΛ)(f^μ − ∂^μΛ) + g^4 32 θ^{αβ} ϵ_{αβλ}(f^λ − ∂^λΛ)(f^μ − ∂^μΛ)(f_μ − ∂_μΛ) − 1 8μ ϵ_{μνλ}f^μ∂^ν f^λ, (32)

where we have identified μP_μ = f_μ and Φ = Λ. As in the commutative case the strong coupling limit of the original theory gets mapped into the weak coupling limit of the dual. It is easy to see that in the limit of vanishing θ the above Lagrangian (in the unitary gauge where Λ = 0) correctly reproduces the SD Lagrangian (20).

It is interesting to note that the explicit form of the order θ term in the C_{μν} field equation is not needed at all to find the above Lagrangian. This happens because there are nice cancellations and it is easy to be convinced that to obtain the dual Lagrangian to n-th order in θ we need the perturbative solution for C_{μν} only to order (n − 1).

We can couple a source term ϵ_{μνλ}F^{μν} J^λ to the Lagrangian (27) and this leads to the map between the 2-point functions ⟨ ϵ_{μνλ}F^{νλ}(x) ϵ_{αβρ}F^{βρ}(y) ⟩ ≡ g^4 ⟨ f̃_μ(x) f̃(y) ⟩ + g^2g_{μα}δ(x − y) +^{g8}_{64} ⟨ θ̄_μf̃ νf̃_ν + 2θ̄_νf̃ νf̃_μ θ̄_αf̃ βf̃_β + 2θ̄_βf̃ βf̃_α ⟩ + g^4(θ̄_μf̃_α + θ̄_αf̃_μ + θ̄_βf̃_β g_{μα}), (33)

where θ̄_μ = ϵ_{μνλ}θ^{νλ} and f̃_μ = f_μ − ∂_μΛ. In the limit θ → 0 we recover the map obtained in (25).

Here we note that all the θ dependence of the SW mapped NCMCS theory comes from the Maxwell term alone as the NCCS term gets mapped to usual commutative CS term. Since it is possible to express the SW mapped Maxwell action to all orders in θ in terms of the commutative field strength F_{μν} and θ alone [12](an exact closed form for the SW mapped Maxwell action is given in [29]), it is easy to convince from (27) and (29) that the procedure adopted here can be used to construct the dual theory to all orders in θ using a perturbative solution for the C_{μν} field equation.

One important point to note is that the theory described by the Lagrangian (32), which is equivalent to the SW mapped NCMCS theory, is not the same as the SW mapped action for NCSD model (18). This clearly shows that the SW mapped theories are not equivalent.

V. CONCLUSION

In this paper we have constructed and studied the dual description of the NCMCS theory and investigated the status of the equivalence between this theory and SD model. We have derived the dual theory starting from the SW mapped NCMCS Lagrangian which is given in terms of commutative fields and the NC parameter. The equivalence was obtained at the level of partition functions and it allowed us to get the mapping between the n-point correlators of both theories. We have shown that the dual theory does not coincide with the SW mapped NC Stückelberg-SD theory. However, in the commutative limit, we recover the well known equivalence between them. We have also shown that the two-point correlators map reduces to the one obtained in the commutative case in this limit. We have argued that this result can be extended to all orders in θ due to the structure of the SW mapped NCMCS Lagrangian. We have also verified that even after accounting for the ambiguous terms in the SW map, the dual theory and SW mapped NC Stückelberg-SD model are not equivalent.

Hence, we have shown that the equivalence between the MCS theory and the SD model in commutative space-time does not survive in the NC case. In this respect we are in agreement with the results obtained earlier in [14] and [16] where it was argued that these NC theories are not equivalent. But unlike the NCCS term used in [14], we have used the standard NC U(1) invariant CS term with a cubic interaction as in [16] and [15]. The non-equivalence between the NCSD model and NCMCS theory shown here will come as an obstacle in generalizing the bosonization of the commutative Thirring model to NC space-time as was pointed out in [14, 16].

ACKNOWLEDGMENTS:

EH thanks FAPESP for support through grant 03/09044-9. The work of VOR was partially supported by CNPq, FAPESP and PRONEX under contract CNPq 66.2002/1998-99.

[1] H. S. Snyder, “Quantized Space-Time”, Phys. Rev. 71 (1947) 38.

[2] A. Connes, “Noncommutative Geometry”, (Academic Press, London, 1994). [3] N. Seiberg, E. Witten, “String Theory and Noncommutative Geometry”, JHEP 09, 032 (1999), hep-th/9908142.

[4] For a review see: M. R. Douglas and N. A. Nekrasov, “Noncommutative Field Theory”, Rev. Mod. Phys. 73 (2001) 977, hep-th/0106048; R. J. Szabo, “Quantum Field Theory on Noncommutative Spaces”, Phys. Rept. 378 (2003) 207, hep-th/0109162; V. O. Rivelles, “Supersymmetry and Gravitry in Noncommutative Field Theories”, Nucl. Phys. Proc. Suppl. 127 (2004) 63, hep-th/0305122.

[5] S. Minwalla and M. Van Raamsdonk, N. Seiberg, ”Noncommutative Perturbative Dynamics”, JHEP 0002 (2000) 020, hep-th/9912072.

[6] S. Sarkar and B. Sathiapalan, “Comments on the renormalizability of the Broken Phase in Noncommutative Scalar Field Theory”, JHEP 0105 (2001) 049, hep-th/0104106; J. M. Grimstrup and R. Wulkenhaar, “Quantisation of θ-expanded non-commutative QED”, Eur. Phys. J. C26 (2002) 139, hep-th/0205153; B. P. Dolan, D O’Connor and P. Presnajder, “Matrix ϕ^4 Models on the Fuzzy Sphere and their Continuum Limits”, JHEP 0203 (2002) 013, hepth/0109084.

[7] H. O. Girotti, M. Gomes, V. O. Rivelles and A. J. da Silva, “A Consistent Noncommutative Field Theory: the Wess-Zumino Model”, Nucl.Phys. B587 (2000) 299, hep-th/0005272; ibid, “The Noncommutative Supersymmetric Nonlinear Sigma Model”, Int. J. Mod. Phys. A17 (2002) 1503, hep-th/0102101; H. O. Girotti, M. Gomes, A. Yu. Petrov, V. O. Rivelles and A. J. da Silva, “The Three-Dimensional Noncommutative Nonlinear Sigma Model in Superspace”, Phys. Lett. B521 (2001) 119, hep-th/0109222.

[8] A. F. Ferrari, H. O. Girotti, M. Gomes, A. Yu. Petrov, A. A. Ribeiro, V. O. Rivelles and A. J. da Silva,“Superfield covariant analysis of the divergence structure of noncommutative supersymmetric QED_4”, Phys. Rev. D 69 (2004) 025008, hep-th/0309154; ibid,”Towards a consistent noncommutative supersymmetric Yang-Mills theory: superfield covariant analysis”, Phys. Rev. D70 (2004) 085012, hep-th/0407040.

[9] E. Harikumar, V. Sunil Kumar and A. Khare, “Supersymmetric Quantum Mechanics on Non-Commutative Plane”, Phys. Lett. B 589 (2004) 155, hep-th/0402064; P. K. Ghosh, “Supersymmetric quantum mechanics on noncommutative space”, hep-th/0403083.

[10] A. P. Balachandran, T. R. Govindarajan and B. Ydri, “The Fermion Doubling Problem and Noncommutative Geometry”, Mod. Phys. Lett. A15 (2000) 1279, hep-th/9911087; ibid, “Fermion doubling problem and noncommutative geometry II”, hep-th/0006216.

[11] R. Savit, ”Duality in Field Theory and Statistical Systems”, Rev. Mod. Phys. 52 (1980) 453. [12] O. J. Ganor, G. Rajesh and S. Sethi, “Duality and Non-Commutative Gauge Theory”, Phys.

Rev. D62 (2000) 125008, hep-th/0005046; O. F. Dayi, “Noncommutative Maxwell-Chern- Simons theory, duality and a new noncommutative Chern-Simons theory in d = 3”, Phys. Lett. B560 (2003) 239, hep-th/0302074.

[13] T. R. Govindarajan and E. Harikumar, “Non-commutative Duality: High Spin Fields and CP^1 Model with Hopf Term”, Phys. Lett. B602 (2004) 238, hep-th/0406273.

[14] S. Ghosh, “Gauge Invariance and Duality in the Noncommutative Plane”, Phys. Lett. B558 (2003) 245, hep-th/0210107; ibid, “Bosonization in the Noncommutative Plane”, Phys. Lett. B563 (2003) 112, hep-th/0303022.

[15] M. B. Cantcheff, P. Minces, “Duality in Noncommutative Topologically Massive Gauge Field Theory Revisited”, Eur. Phys. J. C34 (2004) 393, hep-th/0306206.

[16] T. Mariz, R. Menezes, J. R. S. Nascimento, R. F. Ribeiro and C. Wotzasek, “Issues of duality on non-commutative manifolds: the non-equivalence between self-dual and topologically massive models”, Phys. Rev. D70 (2004) 085018, hep-th/0306265.

[17] M. S. Guimarães, J. L. Noronha, D. C. Rodrigues and C. Wotzasek, “On duality of the noncommutative extension of the Maxwell-Chern-Simons model”, Phys. Lett. B605 (2005) 419, hep-th/0410156.

[18] S. Deser, R. Jackiw and S. Templeton, “Three-dimensional Massive Gauge Theories”, Phys.

Rev. Lett. 48 (1982) 975; Ibid, “Topologically Massive Guage Theories”, Ann. Phys. 140 (1982) 372; S. Deser and R. Jackiw, “’Selfduality of Topologically Massive Gauge Theories”, Phys. Lett. B139 (1984) 371.

[19] M. A. Anacleto, A. Ilha, J. R. S. Nascimento, R. F. Ribeiro and C. Wotzasek, “Dual equivalence between Self-Dual and Maxwell-Chern-Simons models coupled to dynamical U(1) charged matter”, Phys. Lett. B504 (2001) 268, hep-th/0104152; M. Gomes, L. C. Malacarne and A. J. Silva, “On the equivalence of the self-dual and Maxwell-Chern-Simons models coupled to Fermions”, Phys. Lett. B439 (1998) 137, hep-th/9711184.

[20] T. H. Buscher,“Symmetry Of The String Background Field Equations”, Phys. Lett. B194 (1987) 59; ibid “Path Integral Derivation Of Quantum Duality In Nonlinear Sigma Models”,

Phys. Lett. B201, (1988) 466; U. Lindström and M. Rocek, Scalar Tensor Duality and N = 1, N = 2 Nonlinear Sigma Models”, Nucl. Phys. B222 (1983) 285; N. Hitchin, A. Karlhede, U. Lindström and M. Rocek, “Hyper Kahler Metrics and Supersymmetry”, Commun. Math. Phys. 108 (1987) 535.

[21] E. Harikumar and M. Sivakumar, “Duality and Massive Gauge Invariant Theories”, Phys.

Rev. D57 (1998) 3794, hep-th/9604181.

[22] T. Asakawa and I. Kishimoto, “Comments on Gauge Equivalence in Noncommutative Geometry”, JHEP 9911 (1999) 024, hep-th/9909139.

[23] N. Grandi and G.A. Silva, “Chern-Simons Action in Noncommutative Space”, Phys. Lett.

B507 (2001) 345, hep-th/0010113.

[24] R. Amorim, N. R. F. Braga and C. N. Ferreira, “Nonequivalent Seiberg-Witten maps for noncommutative massive U(N) gauge theory”, Phys. Lett. B591 (2004) 181, hep-th/0312089.

[25] R. Banerjee, H. J. Rothe and K. D. Rothe, “On the Equivalence of the Maxwell-Chern-Simons Theory and a Self-Dual Model”, Phys. Rev. D52 (1995) 3750, hep-th/9504067.

[26] R. Banerjee, H. J. Rothe and K. D. Rothe, “Hamiltonian Embedding of Self-Dual Model and Equivalence with Maxwell-Chern-Simons Theory”, Phys. Rev. D55 (1997) 6339, hepth/9611077.

[27] N. Bralić, E. Fradkin, V. Manias and F. A. Schaposnik, “Bosonization of Three Dimensional Non-Abelian Fermion Field Theories”, Nucl. Phys. B446 (1995) 144, hep-th/9502066.

[28] M. B. Cantcheff, “Parent Action Approach for the Duality between Non-Abelian Self-Dual and Yang-Mills-Chern-Simons Models”, Phys. Lett. B528 (2002) 283, hep-th/0110211.

[29] R. Banerjee and H. S. Yan, “Exact Seiberg-Witten Map, Induced Gravity and Topological Invariants in Noncommutative Field Theories”, Nucl. Phys. B708 (2005) 434, hep-th/0404064.