arXiv:1101.5023v1 [hep-th] 26 Jan 2011

Twisted SUSY: twisted symmetry versus renormalizability

Marija Dimitrijević, Biljana Nikolić and Voja Radovanović

University of Belgrade, Faculty of Physics Studentski trg 12, 11000 Beograd, Serbia

Abstract

We discuss a deformation of superspace based on a hermitian twist. The twist implies a ⋆-product that is noncommutative, hermitian and finite when expanded in power series of the deformation parameter. The Leibniz rule for the twisted SUSY transformations is deformed. A minimal deformation of the Wess-Zumino action is proposed and its renormalizability properties are discussed. There is no tadpole contribution, but the two-point function diverges. We speculate that the deformed Leibniz rule, or more generally the twisted symmetry, interferes with renormalizability properties of the model. We discuss different possibilities to render a renormalizable model.

Keywords: supersymmetry, hermitian twist, deformed Wess-Zumino model, renormalizability

eMail: dmarija,biljana,rvoja@ipb.ac.rs

1 Introduction

It is well known that Quantum Field Theory encounters problems at high energies and short distances. This suggests that the structure of space-time has to be modified at these scales. One possibility to modify the structure of space-time is to deform the usual commutation relations between coordinates; this gives a noncommutative (NC) space [1]. Different models of noncommutativity were discussed in the literature, see [2], [3] and [4] for references. A version of Standard Model on the canonically deformed space-time was constructed in [5] and its renormalizability properties were discussed in [6]. Renormalizability of different noncommutative field theory models was discussed in [7].

A natural further step is modification of the superspace and introduction of non- (anti)commutativity. A strong motivation for this comes from string theory. Namely, it was discovered that a noncommutative superspace can arise when a superstring moves in a constant gravitino or graviphoton background [8], [9]. Since that discovery there has been a lot of work on this subject and different ways of deforming superspace have been discussed. Here we mention some of them.

The authors of [10] combine SUSY with the κ-deformation of space-time, while in [11] SUSY is combined with the canonical deformation of space-time. In [8] a version of non(anti)commutative superspace is defined and analyzed. The anticommutation relations between fermionic coordinates are modified in the following way {θ^{α ⋆}, θ^β} = C^{αβ}, {θ̄_{α̇}^⋆, θ̄_{β̇}} = {θ^{α ⋆}, θ̄_{α̇}} = 0 , (1.1) where C^{αβ} = C^{βα} is a complex, constant symmetric matrix. This deformation is well defined only when undotted and dotted spinors are not related by the usual complex conjugation. The notion of chirality is preserved in this model, i.e. the deformed product of two chiral superfields is again a chiral superfield. On the other hand, one half of N = 1 supersymmetry is broken and this is the so-called N = 1/2 supersymmetry. Another type of deformation is introduced in [12] and [13]. There the product of two chiral superfields is not a chiral superfield but the model is invariant under the full supersymmetry. Renormalizability of different models (both scalar and gauge theories) has been discussed in [14], [15], [16] and [13]. The twist approach to nonanticommutativity was discussed in [17].

In our previous paper [18] we introduced a hermitian deformation of the usual superspace. The non(anti)commutative deformation was introduced via the twist F = e^{12 Cαβ ∂α⊗∂β + 12 C̄α̇β̇ ¯∂α̇⊗ ¯∂β̇} . (1.2) Here C^{αβ} = C^{βα} is a complex constant matrix, C̄^{α̇β̇} its complex conjugate and ∂_α =^∂_{∂θα} are fermionic partial derivatives. The twist (1.2) is hermitian under the usual complex conjugation. Due to this choice of the twist, the coproduct of the SUSY transformations becomes deformed, leading to the deformed Leibniz rule. The inverse of (1.2) defines the ⋆-product. It is obvious that the ⋆-product of two chiral fields will not be a chiral field. Therefore we have to use the method of projectors to decompose the ⋆-products of fields into their irreducible components. Collecting the terms invariant under the twisted SUSY transformations we construct the deformed Wess-Zumino action.

Being interested in implications of the twisted symmetry on renormalizability properties, in this paper we calculate the divergent part of the one-loop effective action. More precisely, we calculate divergent parts of the one-point and the two-point functions. The plan of the paper is as follows: In the next section we summarize the most important properties of our model, more details of the construction are given in [18]. In Section 3 we describe the method we use to calculate divergent parts of the n-point Green functions: the background field method and the supergraph technique. In Sections 4 the tadpole diagram and the divergent part of the two-point function are calculated. Finally, we discuss renormalizability of the model. We give some comments and compare our results with the results already present in the literature. Some details of our calculations are presented in the Appendix.

2 Construction of the model

There are different ways to realize a noncommutative and/or a nonanticommutative space and to formulate a physical model on it, see [2] and [4]. We shall follow the approach of [3] and [18].

Let us first fix the notation and the conventions which we use. The superspace is generated by supercoordinates x^m, θ^α and θ̄_{α̇} which fulfill

[x^m, x^n] = [x^m, θ^α] = [x^m, θ̄_{α̇}] = 0, {θ^α, θ^β} = {θ̄_{α̇}, θ̄_{β̇}} = {θ^α, θ̄_{α̇}} = 0, (2.3)

with m = 0, . . . , 3 and α, β = 1, 2. To x^m we refer as bosonic and to θ^α and θ̄_{α̇} we refer as fermionic coordinates. We work in Minkowski space-time with the metric (−, +, +, +) and x^mx_m = −(x^0)^2 + (x^1)^2 + (x^2)^2 + (x^3)^2.

A general superfield F(x, θ, θ̄) can be expanded in powers of θ and θ̄, F(x, θ, θ̄) = f(x) + θϕ(x) + θ̄χ̄(x) + θθm(x) + θ̄θ̄n(x) + θσ^mθ̄v_m(x) +θθθ̄λ̄(x) + θ̄θ̄θφ(x) + θθθ̄θ̄d(x). (2.4) Under the infinitesimal N = 1 SUSY transformations it transforms as

δ_ξF = (ξQ + ξ̄Q̄)F, (2.5)

where ξ^α and ξ̄_{α̇} are constant anticommuting parameters and the SUSY generators Q^α and Q̄_{α̇} are given by,

Q_α = ∂_α − iσ^m_{αα̇}θ̄^{α̇}∂_m, Q̄_{α̇} = − ¯∂_{α̇} + iθ^ασ^m_{αα̇}∂_m. (2.6)

Transformations (2.5) close in the algebra

[δ_ξ, δ_η ] = −2i(ησ^mξ̄ − ξσ^mη̄)∂_m. (2.7)

The product of two superfields is a superfield again; its transformation law is given by

δ_ξ (F · G) = (ξQ + ξ̄Q̄)(F · G),

= (δ_ξ F) · G + F · (δ_ξG). (2.8)

The last line is the undeformed Leibniz rule for the infinitesimal SUSY transformation δ_ξ.

Nonanticommutativity is introduced following the twist approach [3]. For the twist F we choose F = e^{12 Cαβ ∂α⊗∂β + 12 C̄α̇β̇ ¯∂α̇⊗ ¯∂β̇} , (2.9) with the complex constant matrix C^{αβ} = C^{βα}. Note that C^{αβ} and C̄^{α̇β̇} are related by the usual complex conjugation. It can be shown that the twist (2.9) satisfies all necessary requirements [20].

The inverse of the twist (2.9) F^{−1} = e^{− 12 Cαβ ∂α⊗∂β − 12 C̄α̇β̇ ¯∂α̇⊗ ¯∂β̇} , (2.10) defines a new product in the algebra of superfields called the ⋆-product. For two arbitrary superfields F and G the ⋆-product is defined as follows

F ⋆ G = μ_⋆{F ⊗ G} = μ{F^{−1} F ⊗ G} = μ{e^{− 12 Cαβ ∂α⊗∂β − 12 C̄α̇β̇ ¯∂α̇⊗ ¯∂β̇} F ⊗ G} = F · G − 1 2 (−1)^{|F|}C^{αβ}(∂_αF) · (∂_β G) − 1 2 (−1)^{|F|}C̄_{α̇β̇}( ¯∂^{α̇}F)( ¯∂^{β̇} G) − 1 8 C^{αβ}C^{γδ}(∂_α∂_γ F) · (∂_β ∂_δG) − 1 8 C̄_{α̇β̇}C̄_{γ̇δ̇}( ¯∂^{α̇} ¯∂^{γ̇} F)( ¯∂^{β̇} ¯∂^{δ̇} G) − 1 4 C^{αβ}C̄_{α̇β̇}(∂_α ¯∂^{α̇}F)(∂_β ¯∂^{β̇} G) + 1 16 (−1)^{|F|}C^{αβ}C^{γδ}C̄_{α̇β̇}(∂_α∂_γ ¯∂^{α̇}F)(∂_β ∂_δ ¯∂^{β̇}G) + 1 16 (−1)^{|F|}C^{αβ}C̄_{α̇β̇}C̄_{γ̇δ̇}(∂_α ¯∂^{α̇} ¯∂^{γ̇} F)(∂_β ¯∂^{β̇} ¯∂^{δ̇} G) + 1 64 C^{αβ}C^{γδ}C̄_{α̇β̇}C̄_{γ̇δ̇}(∂_α∂_γ ¯∂^{α̇} ¯∂^{γ̇} F)(∂_β ∂_δ ¯∂^{β̇} ¯∂^{δ̇}G), (2.11)

where |F| = 1 if F is odd (fermionic) and |F| = 0 if F is even (bosonic) and the pointwise multiplication μ is the bilinear map from the tensor product to the space of superfields (functions). The definition of the multiplication μ_⋆ is given in the second line. No higher powers of C^{αβ} and C̄_{α̇β̇} appear since the derivatives ∂_α and ¯∂^{α̇} are Grassmanian. Expansion of the ⋆-product (2.11) ends after the fourth order in the deformation parameter. This ⋆-product is different from the Moyal-Weyl ⋆-product [21] where the expansion in powers of the deformation parameter leads to an infinite power series. One should also note that the ⋆-product (2.11) is hermitian,

(F ⋆ G)^∗ = G^∗ ⋆ F^∗, (2.12) where ∗ denotes the usual complex conjugation.

The ⋆-product (2.11) implies {θ^{α ⋆}, θ^β} = C^{αβ}, {θ̄_{α̇}^⋆, θ̄_{β̇}} = C̄_{α̇β̇}, {θ^{α ⋆}, θ̄_{α̇}} = 0, [x^{m ⋆}, x^n] = 0, [x^{m ⋆}, θ^α] = 0, [x^{m ⋆}, θ̄_{α̇}] = 0. (2.13)

Relations (2.13) enable us to define the deformed superspace or ”nonanticommutative superspace”. It is generated by the usual bosonic and fermionic coordinates (2.3) while the deformation is contained in the new product (2.11).

The next step is to apply the twist (2.9) to the Hopf algebra of SUSY transformations. We will not give details here, they can be found in [18]. We just state the most important results.

The deformed infinitesimal SUSY transformation is defined in the following way

δ^⋆_ξ F = (ξQ + ξ̄Q̄)F. (2.14)

The twist (2.9) leads to a deformed Leibniz rule for the deformed SUSY transformations (2.14). This ensures that the ⋆-product of two superfields is again a superfield. Its transformation law is given by

δ^⋆_ξ (F ⋆ G) = (ξQ + ξ̄Q̄)(F ⋆ G), (2.15) = (δ^⋆_ξ F) ⋆ G + F ⋆ (δ^⋆_ξ G) + i 2 C^{αβ} ( ξ̄^{γ̇} σ^m_{αγ̇} (∂_mF) ⋆ (∂_β G) + (∂_αF) ⋆ ξ̄^{γ̇} σ^m_{βγ̇} (∂_mG) ) (2.16) − i 2 C̄_{α̇β̇} ( ξ^ασ^m_{αγ̇} ε^{γ̇α̇}(∂_mF) ⋆ ( ¯∂^{β̇} G) + ( ¯∂^{α̇}F) ⋆ ξ^ασ^m_{αγ̇} ε^{γ̇β̇}(∂_mG) ) . Note that we have to enlarge the algebra (2.7) by introducing the fermionic derivatives ∂_α and ¯∂_{α̇}. Since these derivatives commute with the generators of Poincaré algebra ∂_m and M_{mn}, the super Poincaré algebra does not change. Especially, the Leibniz rule for ∂_m and M_{mn} does not change.

Being interested in a deformation of the Wess-Zumino model, we need to analyze properties of the ⋆-products of chiral fields. A chiral field Φ fulfills D̄_{α̇}Φ = 0, with the supercovariant derivative D̄_{α̇} = − ¯∂_{α̇} − iθ^ασ^m_{αα̇}∂_m. In terms of component fields the chiral superfield Φ is given by Φ(x, θ, θ̄) = A(x) + √ 2θ^αψ_α(x) + θθF (x) + iθσ^lθ̄∂_lA(x) − i √ 2 θθ∂_mψ^α(x)σ^m_{αα̇}θ̄^{α̇} + 1 4 θθθ̄θ̄□A(x). (2.17) It is easy to calculate the ⋆-product of two chiral fields from (2.11). It is given by

Φ ⋆ Φ = A^2 −

C^2 2 F^2 + 1 4 C^{αβ}C̄^{α̇β̇}σ^m_{αα̇}σ^l_{ββ̇}(∂_mA)(∂_lA) + 1 64 C^2C̄^2(□A)^2 +θ^α ( 2 √ 2ψ_αA − 1 √ 2 C^{γβ}C̄^{α̇β̇}ε_{γα}(∂_mψ^ρ)σ^m_{ρβ̇}σ^l_{βα̇}(∂_lA) )

− i √ 2 C^2θ̄_{α̇}σ̄^{mα̇α}(∂_mψ_α)F + θθ ( 2AF − ψψ )

+θ̄θ̄ ( − C^2 4 (F □A − 1 2 (∂_mψ)σ^mσ̄^l(∂_lψ)) )

+iθσ^mθ̄ ( (∂_mA^2) + 1 4 C^{αβ}C̄^{α̇β̇}σ_{mαα̇}σ^l_{ββ̇} (□A)(∂_lA) )

+i √ 2θθθ̄_{α̇}σ̄^{mα̇α}(∂_m(ψ_αA)) + 1 4 θθθ̄θ̄(□A^2), (2.18)

where C^2 = C^{αβ}C^{γδ}ε_{αγ} ε_{βδ} and C̄^2 = C̄_{α̇β̇}C̄_{γ̇δ̇}ε^{α̇γ̇} ε^{β̇δ̇}. One sees that due to the θ̄-term and the θ̄θ̄-term (2.18) is not a chiral field. But, in order to write an action invariant under the deformed SUSY transformations (2.14) we need to preserve the notion of chirality. This can be done in different ways. One possibility is to use a different ⋆- product, the one which preserves chirality [8]. However, chirality-preserving ⋆-product implies working in a space where θ̄ ≠ (θ)^∗. Since we want to work in Minkowski space-time and keep the usual complex conjugation, we use the ⋆-product (2.11) and decompose the ⋆-products of superfields into their irreducible components using the projectors defined in [22]. In that way (2.18) becomes

Φ ⋆ Φ = P_1(Φ ⋆ Φ) + P_2(Φ ⋆ Φ) + P_T (Φ ⋆ Φ), (2.19)

with antichiral, chiral and transversal projectors given by

P_1 = 1 16 D^2D̄^2 □ , (2.20)

P_2 = 1 16 D̄2D2 □ , (2.21)

P_T = − 1 8 DD̄^2D □ . (2.22)

Finally, the deformed Wess-Zumino action is constructed requiring that the action is invariant under the deformed SUSY transformations (2.14) and that in the commutative limit it reduces to the undeformed Wess-Zumino action. In addition, we require that deformation is minimal: We deform only those terms that are present in the commutative Wess-Zumino model. We do not, for the time being, add the terms whose commutative limit is zero.

Taking these requirements into account we propose the following action S = ∫ d^4x { Φ^+ ⋆ Φ | |_{θθθ̄θ̄} + [m 2 P_2(Φ ⋆ Φ) | |_{θθ} + λ 3 P_2 ( Φ ⋆ P_2(Φ ⋆ Φ) )| |_{θθ} + c.c ]} , (2.23)

where m and λ are real constants. To rewrite (2.23) in terms of component fields and as compact as possible, we introduce the following notation

C_{αβ} = K_{ab}(σ^{ab}ε)_{αβ} , (2.24) C̄_{α̇β̇} = K^∗_{ab}(εσ̄^{ab})_{α̇β̇}, (2.25) where K_{ab} = −K_{ba} is an antisymmetric self-dual complex constant matrix. Then we have

C^2 = 2K_{ab}K^{ab}, C̄^2 = 2K^∗_{ab}K^{∗ab}, K^{ab}K^∗_{ab} = 0. (2.26) K^∗_{cd}K_{ab}(σ^nσ̄^{cd}σ̄^mσ^{ab})^β_α = −4δ^β_αK^{ma}K^{∗n}_a + 8K^{ma}K^{∗nb}(σ_{ba})^β_α , (2.27)

C^{αβ}C̄^{α̇β̇} σ^m_{αα̇}σ^l_{ββ̇} = 8K^{am}K^{∗ l}_a . (2.28)

Using these formulas and expanding (2.23) in component fields we obtain S = ∫ d^4x { Φ^+ ⋆ Φ | | θθθ̄θ̄ + [m 2 P_2(Φ ⋆ Φ) | | θθ + λ 3 P_2 ( Φ ⋆ P_2(Φ ⋆ Φ) )| |_{θθ} + c.c ]}

= ∫ d^4x { A^∗□A + i(∂_mψ̄)σ̄^mψ + F^∗F + [m 2 (2AF − ψψ) + λ(F A^2 − Aψψ) − λ 3 ( K^m_aK^{∗na}ψ(∂_nψ) − 2K^m_aK^{∗n}_b(∂_nψ)σ^{ba}ψ ) (∂_mA) − λ 12 K^{mn}K_{mn}F^3 + λ 6 K^m_lK^{∗nl}F (∂_mA)(∂_nA) (2.29) + λ 3 K^m_lK^{∗nl}F 1 □ ∂_m ( (∂_nA)□A ) + λ 192 K^{ab}K_{ab}K^{∗cd}K^∗_{cd}F (□A)^2 + c.c ]} . Partial integration was used to rewrite some of the terms in (2.29) in a more compact way. Note that this it the complete action; there are no higher order terms in the deformation parameter K^{ab}. However, for simplicity in the following sections we shall keep only terms up to second order in the deformation parameter.

3 One-loop effective action

In this section we look at the quantum properties of our model. We calculate the oneloop divergent part of the one-point and the two-point functions up to second order in the deformation parameter. We use the background field method, dimensional regularization and the supergraph technique. The supergraph technique significantly simplifies calculations. However, we cannot directly apply this technique since our action (2.29) is not written as an integral over the whole superspace and in terms of the chiral field Φ and its derivatives. This is a consequence of the particular deformation (2.4) and differs from [13].

In order to be able to use the supergraph technique we notice the following: From (2.17), see also [22], it follows that the fields A, ψ and F can be written as

A = Φ|_{θ,}¯_{θ=0}, ψ_α = 1 √ 2 D_αΦ|_{θ,}¯_{θ=0}, F = − 1 4 D^2Φ|_{θ,}¯_{θ=0}. (3.30)

Inserting this in (2.29) we obtain S = ∫ d^8z { Φ^+Φ + [ − m 8 Φ D^2 □ Φ − λΦ^2

D^2 12□ Φ +λθθθ̄θ̄ ( 1 768 K^{mn}K_{mn}(D^2Φ)^3 − 1 6 ( K^m_aK^{∗na}(D^αΦ)(∂_nD_αΦ) − 2K^m_aK^{∗n}_b (∂_nD^αΦ)(σ^{ba})^β_α D_β Φ ) (∂_mΦ) − 1 24 K^m_aK^{∗na}(D^2Φ)(∂_mΦ)(∂_nΦ) − 1 12 K^m_aK^{∗na}(D^2Φ) 1 □ ∂_m((∂_nΦ)(□Φ)) ) + c.c. ]} , (3.31)

with f(x)^1_□ g(x) = f(x) ∫ d^4y G(x − y)g(y). Notice that two spurion fields

U^{mn}_{(1) ab} = K^m_aK^{∗n}_b θθθ̄θ̄, U_{(2)} = K^{mn}K_{mn}θθθ̄θ̄ (3.32)

appear in (3.31). This is a consequence of rewriting the action (2.29) as an integral over the whole superspace.

Now we can start the machinery of the background field method. First we split the chiral and antichiral superfields into their classical and quantum parts

Φ → Φ + Φ_q, Φ^+ → Φ^+ + Φ^+_q (3.33)

and integrate over the quantum superfields in the path integral. Since Φ_q and Φ^+_q are chiral and antichiral fields, they are constrained by

D̄_{α̇}Φ_q = D_αΦ^+_q = 0.

To simplify the supergraph technique we introduce the unconstrained superfields Σ and Σ^+, Φ_q = − 1 4 D̄^2Σ, Φ^+_q = −1 4 D^2Σ^+ . (3.34)

Note that we do not express the background superfields Φ and Φ^+ in terms of Σ and Σ^+, only the quantum parts Φ_q and Φ^+_q . After the integration of quantum superfields, the result is expressed in terms of the (anti)chiral superfields. This is a big advantage of the background field method and of the supergraph technique. The unconstrained superfields are determined up to a gauge transformation

Σ → Σ + D̄_{α̇}Λ̄^{α̇}, Σ^+ → Σ^+ + D^αΛ_α, (3.35)

with the gauge parameter Λ. This additional symmetry has to be fixed, so we add a gauge-fixing term to the action. For the gauge functions we choose

χ_α = D_αΣ, χ̄_{α̇} = D̄_{α̇}Σ^+ . (3.36)

The product (.χ)(.χ̄) in the path integral is averaged by the weight e^{−iξ ∫ d8zf̄Mf} : ∫ dfdf̄ (.χ_α − f_α)(.χ̄^{α̇} − f̄^{α̇})e^{−iξ} ∫ d^8zf̄^{α̇}M_{α̇α}f^α (3.37)

where f̄^{α̇}M_{α̇α}f^α = 1 4 f̄^{α̇}(D_αD̄_{α̇} + 3 4 D̄_{α̇}D_α)f^α (3.38)

and the gauge-fixing parameter is denoted by ξ. The gauge-fixing term becomes S_{gf} = −ξ ∫ d^8z (D̄_{α̇}Σ̄)( 3 16 D̄^{α̇}D^α + 1 4 D^αD̄^{α̇})(D_αΣ). (3.39)

One can easily show that the ghost fields are decoupled.

After the gauge-fixing, the part of the classical action quadratic in quantum superfields is given by S^{(2)} = S^{(2)}_0 + S^{(2)}_{int} , (3.40) with S^{(2)}_0 = 1 2 ∫ d^8z ( Σ Σ^+ ) M ( Σ Σ^+ ) (3.41) and S^{(2)}_{int} = 1 2 ∫ d^8zd^8z^′ ( Σ Σ^+ ) (z)V(z, z^′) ( Σ Σ^+ ) (z^′). (3.42)

Kinetic and interaction terms are collected in the matrices M and V respectively. The matrix M is given by M = ( −m□^{1/2}P_− □(P_2 + ξ(P_1 + P_T )) □(P_1 + ξ(P_2 + P_T )) −m□^{1/2}P_+ ) , (3.43)

with P_+ =

D^2 4□^{1/2}

, P_− = D̄2 4□^{1/2}

. (3.44)

The interaction matrix V is V = ( F 0 0 F̄ ) . (3.45)

There are two types of elements in V, local and nonlocal. We split them into F_1 and F_2 F (z, z^′) = F_1(z)δ(z − z^′) + F_2(z, z^′). (3.46) Elements of F_1 are given by

F_1(z) = 10∑ i=0 F^{(i)} = − λ 2 ΦD̄^2 − λ 48 K^m_aK^{∗na} ←−−−− D̄^2D^α(∂_mΦ)θθθ̄θ̄∂_nD_αD̄^2

− λ 48 K^m_aK^{∗na} ←−−−− D̄^2D^α(∂_mD_αΦ)θθθ̄θ̄∂_nD̄^2 − λ 48 K^m_aK^{∗na} ←−−− ∂_mD̄^2(D^αΦ)θθθ̄θ̄∂_nD_αD̄^2 + λ 24 K^m_aK^{∗n}_b ←−−−− D̄^2D^α(σ^{ab})^β_α (∂_mΦ)θθθ̄θ̄∂_nD_βD̄^2 + λ 24 K^m_aK^{∗n}_b ←−−− ∂_mD̄^2(D^αΦ)(σ^{ab})^β_α θθθ̄θ̄∂_nD_βD̄^2 + λ 24 K^m_aK^{∗n}_b ←−−− ∂_mD̄^2(∂_nD^αΦ)(σ^{ba})^β_α θθθ̄θ̄D_βD̄^2 − λ 512 K^{mn}K_{mn} ←−−− D̄^2D^2Φθ̄θ̄D^2D̄^2 (3.47) − λ 96 K^m_aK^{∗na} ←−−− ∂_mD̄^2(∂_nΦ)θθθ̄θ̄D^2D̄^2 − λ 192 K^m_aK^{∗na} ←−−− ∂_mD̄^2(D^2Φ)θθθ̄θ̄∂_nD̄^2 + λ 96 K^m_aK^{∗na} ←−− □D̄^2 ( ∫ d^8z^′ (∂_mD^2Φ)(z^′) 1 □_z′ δ(z^′ − z) ) θθθ̄θ̄∂_nD̄^2, while the elements of F_2 read

F_2(z, z^′) = 12∑ i=11

F^{(i)} = λ 96 K^m_aK^{∗na} ←−−−−−− ∂_mD̄^2D^2 1 □_z′ δ(z^′ − z)θθθ̄θ̄((∂_nΦ)□D̄^2)(z^′) + λ 96 K^m_aK^{∗na} ←−−−−−− ∂_mD̄^2D^2 1 □_z′ δ(z^′ − z)θθθ̄θ̄(□Φ∂_nD̄^2)(z^′). (3.48)

The one-loop effective action is then

Γ = S_0 + S_{int} + i 2 Tr log(1 + M^{−1}V). (3.49)

The last term in (3.49) is the one-loop correction to the effective action and M^{−1} is the inverse of (3.43) given by

M^{−1} = ( A B B̄ Ā ) = (_{mD2} 4□(□−m^2) D^2D̄^2 16□(□−m^2 ) + D̄2D2−2D̄D2D̄ 16ξ□^2 D̄2D2 16□(□−m^2) +

D^2D̄^2−2DD̄^2D 16ξ□^2 mD̄^2 4□(□−m^2) ) . (3.50) Expansion of the logarithm in (3.49) leads to the one-loop corrections

Γ_1 = i 2 Tr ∞∑ n=1 (−1)^{n+1} n (M^{−1}V)^n = ∞∑ n=1 Γ^{(n)}_1 . (3.51)

4 One-point and two-point functions

The first term in the expansion (3.51) gives the divergent part of the one-point functions, the tadpole contribution. We obtain

Γ^{(1)}_1 = i 2 Tr(M^{−1}V) = i 2 Tr(AF + ĀF̄ ) = 0. (4.52)

Therefore just like in the commutative Wess-Zumino model there is no tadpole contribution.

Next we calculate the divergent part of the two point functions. It is given by

Γ^{(2)}_1 = − i 4 Tr(M^{−1}V)^2 = − i 4 Tr(AF AF + 2B̄F BF̄ + ĀF̄ ĀF̄ ). (4.53) First we calculate the AF AF contributions. They are given by (remember that F^{(i)} is the i-th element of the expansions (3.47) and (3.48))

Tr(AF^{(0)}AF^{(0)}) = 0,

Tr(AF^{(1)}AF^{(0)}) | | |_{d.p.} = − im^2λ^2K^m_aK^{∗na} 6π^2ε ∫ d^4x ∂_mA∂_nA, Tr(AF^{(2)}AF^{(0)}) = 0, Tr(AF^{(3)}AF^{(0)}) = 0, Tr(AF^{(4)}AF^{(0)}) = 0, Tr(AF^{(5)}AF^{(0)}) = 0, Tr(AF^{(6)}AF^{(0)}) = 0,

Tr(AF^{(7)}AF^{(0)}) | | d.p. = − im^2λ^2K^{mn}K_{mn} 8π^2ε ∫ d^4x F^2,

Tr(AF^{(8)}AF^{(0)}) | | d.p. = im^2λ^2K^m_aK^{∗na} 12π^2ε ∫ d^4x ∂_mA∂_nA, Tr(AF^{(9)}AF^{(0)}) = 0, Tr(AF^{(10)}AF^{(0)}) = 0,

Tr(AF^{(11)}AF^{(0)}) | | |_{d.p.} = 0, Tr(AF^{(12)}AF^{(0)}) | | d.p. = 0.

Adding these terms we obtain Tr(AF AF ) | | d.p. = Tr(AF^{(0)}AF^{(0)}) | | d.p. + 2 12∑ i=1 Tr(AF^{(i)}AF^{(0)}) | | d.p.

= − im^2λ^2K^m_aK^{∗na} 6π^2ε ∫ d^4x ∂_mA∂_nA − im^2λ^2K^{mn}K_{mn} 4π^2ε ∫ d^4x F^2. (4.54)

The B̄F BF̄ term is more difficult to calculate. Some of the identities we use are given in the Appendix. We obtain the following contributions:

Tr(B̄F^{(0)}BF̄^{(0)}) | | |_{d.p.} = iλ^2 2π^2ε ∫ d^8z Φ^†Φ,

Tr(B̄F^{(1)}BF̄^{(0)}) | | |_{d.p.} = − iλ^2K^m_aK^{∗na} 12π^2ε ∫ d^4x A^∗(□ − 4m^2)∂_m∂_nA,

Tr(B̄F^{(2)}BF̄^{(0)}) | | |_{d.p.} = − λ^2K^m_aK^{∗na} 36π^2ε ∫ d^4x ψ̄σ̄^l∂_l∂_m∂_nψ + λ^2K^m_aK^{∗na} 12π^2ε ∫ d^4x ψ̄σ̄_n ( m^2 − □ 6 ) ∂_mψ, Tr(B̄F^{(3)}BF̄^{(0)}) | | d.p. = λ^2K^m_aK^{∗na} 72π^2ε ∫ d^4x ψ̄σ̄^l∂_l∂_m∂_nψ, Tr(B̄F^{(4)}BF̄^{(0)}) | | d.p. = − iλ^2K^m_aK^{∗na} 2π^2ε ∫ d^4x A^∗(m^2 − □ 6 )∂_m∂_nA, Tr(B̄F^{(5)}BF̄^{(0)}) | | |_{d.p.} = − λ^2K^m_aK^{∗n}_b 72π^2ε ∫ d^4x ψ̄(σ̄^b∂^a − σ̄^a∂^b + iε^{abcd}σ̄_d∂_c)∂_m∂_nψ + λ^2K^m_aK^{∗na} 12π^2ε ∫ d^4x ψ̄σ̄_n ( m^2 − □ 6 ) ∂_mψ, Tr(B̄F^{(6)}BF̄^{(0)}) | | d.p. = − λ^2K^m_aK^{∗n}_b 36π^2ε ∫ d^4x ψ̄(σ̄^b∂^a − σ̄^a∂^b + iε^{abcd}σ̄_d∂_c)∂_m∂_nψ − λ^2K^m_aK^{∗na} 12π^2ε ∫ d^4x ψ̄σ̄_n ( m^2 − □ 6 ) ∂_mψ, Tr(B̄F^{(7)}BF̄^{(0)}) = 0,

Tr(B̄F^{(8)}BF̄^{(0)}) | | d.p. = im^2λ^2K^m_aK^{∗na} 12π^2ε ∫ d^4x ∂_mA^∗∂_nA,

Tr(B̄F^{(9)}BF̄^{(0)}) | | d.p. = iλ^2K^m_aK^{∗na} 72π^2ε ∫ d^4x F^∗∂_m∂_nF,

Tr(B̄F^{(10)}BF̄^{(0)}) | | d.p. = im^2λ^2K^m_aK^{∗na} 12π^2ε ∫ d^4xd^4y ∂_m∂_nF (x)□^{−1}_x δ(x − y)F^∗(y),

Tr(B̄F^{(11)}BF̄^{(0)}) | | d.p. = − im^2λ^2K^m_aK^{∗na} 12π^2ε ∫ d^4x ∂_mA^∗∂_nA,

Tr(B̄F^{(12)}BF̄^{(0)}) | | d.p. = − iλ^2K^m_aK^{∗na} 36π^2ε ∫ d^4x A^∗∂_m∂_n□A.

Collecting all contributions we have Tr(B̄F BF̄ ) | | d.p. = Tr(B̄F^{(0)}BF̄^{(0)}) | | d.p. + 2 12∑ i=1 Tr(B̄F^{(i)}BF̄^{(0)}) | | d.p. = iλ^2 2π^2ε ∫ d^8z Φ^+Φ − iλ^2K^m_aK^{∗na} 3π^2ε ∫ d^4x A^∗ ( m^2 + □ 6 ) ∂_m∂_nA − λ^2K^m_aK^{∗n}_b 12π^2ε ∫ d^4xψ̄(σ̄^b∂^a − σ̄^a∂^b + iε^{abcd}σ̄_d∂_c)∂_m∂_nψ + λ^2K^m_aK^{∗na} 6π^2ε ∫ d^4x ψ̄σ̄_n∂_m ( m^2 − □ 6 ) ψ − λ^2K^m_aK^{∗na} 36π^2ε ∫ d^4x ψ̄σ̄^l∂_l∂_m∂_nψ + iλ^2K^m_aK^{∗na} 36π^2ε ∫ d^4x F^∗∂_m∂_nF (4.55) + im^2λ^2K^m_aK^{∗na} 6π^2ε ∫ d^4xd^4y ∂_m∂_nF (x)□^{−1}_x δ(x − y)F^∗(y).

Finally, adding (4.54) and (4.55) we obtain the divergent part of the two-point function

Γ^{(2)}_1 | | d.p. = − m^2λ^2K^m_aK^{∗na} 24π^2ε ∫ d^4x (∂_mA∂_nA + ∂_mA^∗∂_nA^∗) − m^2λ^2K^{mn}K_{mn} 16π^2ε ∫ d^4x F^2 − m^2λ^2K^{∗mn}K^∗_{mn} 16π^2ε ∫ d^4x F^{∗2} + λ^2 4π^2ε ∫ d^8z Φ^+Φ − λ^2K^m_aK^{∗na} 6π^2ε ∫ d^4x A^∗ ( m^2 + □ 6 ) ∂_m∂_nA + iλ^2K^m_aK^{∗n}_b 24π^2ε ∫ d^4x ψ̄(σ̄^b∂^a − σ̄^a∂^b + iε^{abcd}σ̄_d∂_c)∂_m∂_nψ − iλ^2K^m_aK^{∗na} 12π^2ε ∫ d^4x ψ̄σ̄_n∂_m ( m^2 − □ 6 ) ψ + iλ^2K^m_aK^{∗na} 72π^2ε ∫ d^4x ψ̄σ̄^l∂_l∂_m∂_nψ + λ^2K^m_aK^{∗na} 72π^2ε ∫ d^4x F^∗∂_m∂_nF + m^2λ^2K^m_aK^{∗na} 12π^2ε ∫ d^4xd^4y ∂_m∂_nF (x)□^{−1}_x δ(x − y)F^∗(y). (4.56)

We immediately see that the divergences appearing in (4.56) cannot be absorbed by counterterms since the terms appearing in (4.56) do not exist in the classical action. All terms in (4.56) quadratic in the deformation parameter are also quadratic in fields. However, the deformation of the classical action (3.31) is only present in the interaction term, and terms in the action quadratic in the deformation parameter will always be of the third order in fields. We have to conclude that our model, as it stands, is not renormalizable.

5 Discussion and conclusions

Let us now summarize what we have done so far and discuss the obtained results in more detail.

In order to see how different deformations (different twists) affect renormalizability of the Wess-Zumino model, we considered one special example of twist, (2.9). The main adventage of this twist is that it is hermitian and therefore implies the hermitian ⋆-product. Compared with the undeformed SUSY Hopf algebra, the twisted SUSY Hopf algebra changes. In particular, the Leibniz rule (2.15) becomes deformed. The notion of chirality is lost and we had to apply the method of projectors introduced in [18] to obtain the action. A nonlocal deformation of the commutative Wess-Zumino action invariant under the deformed SUSY transformations (2.14) and with a good commutative limit was introduced and its renormalizability properties were investigated. Notice that the nonlocality comes from the application of the chiral projector P_2^1.

To calculate the divergent part of the effective action we used the background field method and the supergraph technique. Like in the commutative Wess-Zumino model, there is no tadpole contribution. There is no mass counterterm which is again the same as in the undeformed Wess-Zumino model. However, the divergent part of the two-point function cannot be canceled and we have to conclude that our model is not renormalizable. Calculating divergent parts of the three-point and higher functions does not make sense and it is technically very demanding.

Having in mind results of [23], we also investigated on-shell renormalizability of our model. In general, on-shell renormalizability leads to a one-loop renormalizable S-matrix. On the other hand, one-loop on-shell renormalizable Green functions may spoil renormalizability at higher loops. After using the equations of motion which follow form the action (3.31) to obtain the on-shell divergent terms we see that the divergences in the two-point function remain and therefore the model is also not onshell renormalizable.

In our previous work [13] we had a similar problem, a deformed model which was not renormalizable. To obtain a renormalizable model we had to relax the condition of minimality of deformation and to include non-minimal terms. Also, in [15] new terms of the form ∫ d^8zθθθ̄θ̄D^2Φ and ∫ d^8zθθθ̄θ̄(D^2Φ)^2 were added in order to absorb

1Unlike the Moyal-Weyl ⋆-product, the ⋆-product (2.11) is finite and it does not introduce nonlocality.

divergences produced by ∫ d^4xF^3 = ∫ d^8zθθθ̄θ̄(D^2Φ)^3 term. Since the model we work with is more complicated than the models of [13] and [15], it is not obvious which terms should be added. Let us list possible terms. Note that the new terms have to be invariant under the deformed SUSY transformations (2.14). This requirement gives three possibilities:

T_1 = ∫ d^4x P_1(Φ ⋆ Φ) | |_{θ̄θ̄} (5.57) = 1 2 K^{ab}K_{ab} ∫ d^4x ( 1 2 (∂_mψ)σ^mσ̄^n(∂_nψ) − F □A). T_2 = ∫ d^4x P_1(Φ ⋆ P_2(Φ ⋆ Φ)) | | θ̄θ̄ (5.58) = 1 4 K^{ab}K_{ab} ∫ d^4x ( − AF □A − 1 2 F □A^2 + 1 2 ψψ□A + ∂_m(Aψ)σ^mσ̄^n(∂_nψ)). T_3 = ∫ d^4x Φ ⋆ P_1(Φ ⋆ Φ)) | | θθθ̄θ̄ (5.59) = 3 4 K^{ab}K_{ab} ∫ d^4x ( F (∂_mψ)σ^mσ̄^l(∂_lψ) − F^2□A )

+K^m_aK^{∗na} ∫ d^4x ( A(□A)(∂_m∂_nA) + A(∂_m∂_lA)(∂_n∂^lA) ) . The term T_1 produces divergences of the type ∫ d^4x Φ^+Φ so it would not spoil the renormalizability of the model. However, it cannot improve renormalizability since divergences appearing in (4.56) are not of the type T_1. The term T_2 produces additional divergences that cannot be absorbed, so we have to ignore it. The T_3 term does not cancel any of the terms present in the action (2.29). Additionally, it produces new divergent terms. However these terms might look like, they can never cancel all the divergences in (4.56) as divergences proportional to K^m_aK^{∗n}_b will remain. This analysis forces us to conclude that even with a non-minimal deformation our model remains nonrenormalizable.

Let us make a remark about the nonrenormalization theorem and its modifications in the case of deformed SUSY. One easily sees that the divergent terms of the effective action (4.56) can be rewritten as

Γ^{(2)}_1 | | d.p. = ∫ d^4x_1 d^4x_2 d^2θd^2θ̄ G_2(x_1, x_2, U_{(1)}, U_{(2)})f_1(x_1, θ, θ̄)f_2(x_2, θ, θ̄), (5.60)

with f_i = f_i(Φ, Φ^+, DΦ, D̄Φ, DΦ^+, D̄Φ^+, . . .). The nonlocal term in (5.60) appears as a consequence of nonlocality in the classical action (3.31). The result (5.60) confirms the modified nonrenormalization theorem [15]. The appearance of the spurion fields in (5.60) signals breaking of the undeformed SUSY. In our case, symmetry which remains after the breaking is the twisted SUSY (2.14). However, it seems that the twisted SUSY is not enough to guarantee renormalizability.

It is obvious that different deformations obtained from different twists lead to models with different quantum properties. In our previous work [13] we studied a deformation which preserves the full undeformed SUSY. There, after relaxing the condition of minimality of deformation, we obtained a renormalizable Wess-Zumino model. In this paper we work with a deformation given in terms of the non-SUSY-covariant derivatives. The Leibniz rule for the SUSY transformation (2.14) changes and the deformed action (2.29) though invariant under twisted SUSY transformations, is not invariant under the undeformed SUSY transformations. For example, the term K^{mn}K_{mn}F^3 breaks the undeformed SUSY. On the other hand, the twisted SUSY allows this term as a part of the invariant term P_2(Φ ⋆ P_2(Φ ⋆ Φ)) | | θθ , see Equations (5.13) and (5.14) in [18].

The classical properties of theories with twisted symmetries are not fully understood [3], [24]. For example, one cannot apply standard methods to find conserved charges and the modification of Noether theorem in the case of twisted symmetry has not been formulated yet. In this paper we analyze quantum properties of the theory with the twisted SUSY. This is the first time that renormalizability of a theory with a twisted symmetry is analyzed. Even after relaxing the condition of minimality of deformation our model remains nonrenormalizable. This indicates that theories with twisted symmetries do not have the same quantum properties as theories with undeformed symmetries. In our example, we see that the twisted SUSY is not enough to guarantee renormalizability of the Wess-Zumino model. It is obvious that a better understanding of the twisted symmetry and its consequences, both classical and quantum is needed.

A Calculation

In this appendix we collect details of some calculations and some important side results.

• Transformation laws of the component fields of the superfield F (2.4):

δ_ξf = ξ^αϕ_α + ξ̄_{α̇}χ̄^{α̇}, (1.61) δ_ξϕ_α = 2ξ_αm + σ^m_{αα̇}ξ̄^{α̇}(v_m + i(∂_mf)), (1.62) δ_ξχ̄^{α̇} = 2ξ̄^{α̇}n + σ̄^{mα̇α}ξ_α( − v_m + i(∂_mf)), (1.63)

δ_ξ m = ξ̄_{α̇}λ̄^{α̇} + i 2 ξ̄_{α̇}σ̄^{mα̇α}(∂_mϕ_α), (1.64)

δ_ξn = ξ^αφ_α + i 2 ξ^ασ^m_{αα̇}(∂_mχ̄^{α̇}), (1.65)

σ^m_{αα̇}δ_ξv_m = −i(∂_mϕ_α)ξ^βσ^m_{βα̇} + 2ξ_αλ̄_{α̇}

+iσ^m_{αβ̇}ξ̄^{β̇}(∂_mχ̄_{α̇}) + 2φ_αξ̄_{α̇}, (1.66)

δ_ξλ̄^{α̇} = 2ξ̄^{α̇}d + iσ̄^{lα̇α}ξ_α(∂_lm) + i 2 σ̄^{lα̇α}σ^m_{αβ̇}ξ̄^{β̇}(∂_mv_l), (1.67)

δ_ξφ_α = 2ξ_αd + iσ^l_{αα̇}ξ̄^{α̇}(∂_ln) − i 2 σ^l_{αα̇}σ̄^{mα̇β}ξ_β(∂_mv_l), (1.68) δ_ξd = i 2 ξ^ασ^m_{αα̇}(∂_mλ̄^{α̇}) − i 2 (∂_mφ^α)σ^m_{αα̇}ξ̄^{α̇}. (1.69)

• Irreducible components the superfield F:

P_2F = 1 16 D̄2D2 □ F = 1 □ ( d − i 2 (∂_mv^m) + 1 4 □f ) + √ 2θ^α ( i √ 2□ σ^m_{αα̇}(∂_mλ̄^{α̇}) + 1 2 √ 2 ϕ_α )

+θθm + iθσ^lθ̄∂_l ( d □ − i 2□ (∂_mv^m) + 1 4 f ) (1.70) + 1 √ 2 θθθ̄_{α̇} ( 1 √ 2 λ̄^{α̇} + i 2 √ 2 σ̄^{mα̇α}(∂_mϕ_α) )

+ 1 4 θθθ̄θ̄ ( d − i 2 (∂_mv^m) + 1 4 □f ) .

P_1F = 1 16 D^2D̄^2 □ F = 1 □ ( d + i 2 (∂_mv^m) + 1 4 □f ) + √ 2θ̄_{α̇} ( i √ 2□ σ̄^{mα̇α}(∂_mφ_α) + 1 2 √ 2 χ̄^{α̇} )

+θ̄θ̄n − iθσ^lθ̄∂_l ( d □ + i 2□ (∂_mv^m) + 1 4 f ) (1.71) + 1 √ 2 θ̄θ̄θ^α ( 1 √ 2 φ_α + i 2 √ 2 σ^m_{αα̇}(∂_mχ̄^{α̇}) )

+ 1 4 θθθ̄θ̄ ( d + i 2 (∂_mv^m) + 1 4 □f ) ,

P_T F = 1 2 f − 2 □ d + θ^α ( 1 2 ϕ_α − i 1 □ σ^m_{αα̇}∂_mλ̄^{α̇} )

+θ̄_{α̇} (1 2 χ̄^{α̇} − i 1 □ σ̄^{mα̇α}∂_mφ_α ) + θσ^mθ̄ ( v_m − 1 □ ∂_m∂_lv^l )

+θθθ̄_{α̇} (1 2 λ̄^{α̇} − i 4 σ̄^{mα̇α}(∂_mϕ_α) ) + θ̄θ̄θ^α (1 2 φ_α − i 4 σ^m_{αα̇}(∂_mχ̄^{α̇}) )

+ 1 4 θθθ̄θ̄ ( 2d − 1 2 □f ) . (1.72)

The following identity holds

P_T = I − P_1 − P_2. (1.73)

• Some general formulas for the divergent parts of traces, where K = □ − m^2

Tr(K^{−1}f) = i 8π^2ϵ m^2 ∫ d^4x f, (1.74)

Tr(∂_aK^{−1}f) = 0, (1.75)

Tr(□K^{−1}f) = im^4 8π^2ϵ ∫ d^4x f, (1.76)

Tr(□^2K^{−1}f) = im^6 16π^2ϵ ∫ d^4x f, (1.77)

Tr(K^{−1}fK^{−1}g) = i 8π^2ϵ ∫ d^4x fg, (1.78)

Tr(∂_nK^{−1}fK^{−1}g) = i 16π^2ϵ ∫ d^4x ∂_nfg, (1.79)

Tr(∂_nK^{−1}f∂_mK^{−1}g) = − i 16π^2ϵ ∫ d^4x (1.80) f (1 3 ∂_n∂_m + 1 6 η_{mn}□ − η_{mn}m^2 ) g, Tr(∂_nK^{−1}f∂_m∂_pK^{−1}g) = − i 32π^2ϵ ∫ d^4x (1.81) f (1 3 ∂_n∂_m∂_p + (η_{mp}∂_n − η_{np}∂_m − η_{nm}∂_p)(m^2 − 1 6 □) ) g.

Acknowledgments

The work of the authors is supported by the project 141036 of the Serbian Ministry of Science.

References

[1] Letter of Heisenberg to Peierls (1930), in: Wolfgang Pauli, Scientific Correspondence, vol. II, 15, Ed. Karl von Meyenn, Springer-Verlag 1985. H. S. Snyder, Quantized spacetime, Phys.Rev. 71, 38 (1947).

Y. I. Manin, Multiparametric quantum deformation of the general linear supergroup, Commun. Math. Phys. 123, 163 (1989).

J. Wess, q-deformed Heisenberg Algebras, Lecture Notes in Physics 543, Berlin, Springer (2000), [math.ph/9910013].

[2] G. Landi, An introduction to noncommutative spaces and their geometry, Springer, New York, 1997; hep-th/9701078.

J. Madore, An Introduction to Noncommutative Differential Geometry and its Physical Applications, 2nd Edition, Cambridge Univ. Press, 1999.

[3] P. Aschieri, M. Dimitrijević, P. Kulish, F. Lizzi and J. Wess Noncommutative spacetimes: Symmetries in noncommutative geometry and field theory, Lecture notes in physics 774, Springer (2009).

[4] L. Castellani, Noncommutative geometry and physics: A review of selected recent results, Class. Quant. Grav. 17, 3377 (2000), [hep-th/0005210]. M. R. Douglas and N. A. Nekrasov, Noncommutative field theory, Rev. Mod. Phys. 73, 977 (2001), [hep-th/0106048].

R. J. Szabo, Quantum field theory on noncommutative spaces, Phys. Rept. 378, 207 (2003), [hep-th/0109162].

R. J. Szabo, Symmetry, Gravity and Noncommutativity, Class. Quant. Grav. 23, R199-R242 (2006), [hep-th/0606233].

[5] X. Calmet, B. Jurčo, P. Schupp, J. Wess and M. Wohlgenannt, The Standard Model on noncommutative spacetime, Eur. Phys. J. C23, 363 (2002), [hep-ph/0111115].

P. Aschieri, B. Jurčo, P. Schupp and J. Wess, Noncommutative GUTs, standard model and C, P, T, Nucl. Phys. B 651, 45 (2003), [hep-th/0205214].

[6] M. Burić, V. Radovanović and J. Trampetić, The one-loop renormalization of the gauge sector in the noncommutative standard model, JHEP 0703, 030 (2007), [hep-th/0609073].

M. Burić, V. Radovanović and J. Trampetić, Nonzero Z → γγ decays in the renormalizable gauge sector of the noncommutative standard model, Phys. Rev. D 75, 097701 (2007).

[7] H. Grosse and R. Wulkenhaar, Renormalisation of ϕ^4-theory on noncommutative R^4 in the matrix base, Commun. Math. Phys. 256, 305-374 (2005), [hep-th/0401128].

M. Burić, D. Latas and V. Radovanović, Renormalizability of noncommutative SU(N) gauge theory, JHEP 0602, 046 2006, [hep-th/0510133]. C. P. Martin and C. Tamarit, Renormalisability of noncommutative GUT inspired field theories with anomaly safe groups, JHEP 0912, 042 (2009), 0910.2677[hepth].

[8] N. Seiberg, Noncommutative superspace, N = 1/2 supersymmetry, field theory and string theory, JHEP 0306 010 (2003), [hep-th/0305248].

[9] J. de Boer, P. A. Grassi and P. van Nieuwenhuizen, Noncommutative superspace from string theory, Phys. Lett. B 574, 98 (2003), [hep-th/0302078]. B. Nikolić and B. Sazdović, Noncommutativity relations in type IIB theory and their supersymmetry, JHEP 0008, 037 (2010), 1005.1181[hep-th].

[10] P. Kosiński, J. Lukierski and P. Maślanka, Quantum Deformations of Space-Time SUSY and Noncommutative Superfield Theory, hep-th/0011053. P. Kosiński, J. Lukierski, P. Maślanka and J. Sobczyk, Quantum Deformation of the Poincare Supergroup and κ-deformed Superspace, J. Phys. A 27 (1994) 6827, [hep-th/9405076].

[11] Chong-Sun Chu and F. Zamora, Manifest supersymmetry in noncommutative geometry, JHEP 0002, 022 (2000), [hep-th/9912153].

S. Ferrara and M. A. Lledo, Some aspects of deformations of supersymmetric field theories, JHEP 05, 008 (2000), [hep-th/0002084].

D. Klemm, S. Penati and L. Tamassia, Non(anti)commutative superspace, Class. Quant. Grav. 20 (2003) 2905, [hep-th/0104190].

[12] S. Ferrara, M. Lledo and O. Macia, Supersymmetry in noncommutative superspaces, JHEP 09 (2003) 068, [hep-th/0307039].

[13] M. Dimitrijević and V. Radovanović, D-deformed Wess-Zumino model and its renormalizability properties, JHEP 0904, 108 2009, 0902.1864[hep-th]. M. Dimitrijević, B. Nikolić and V. Radovanović, (Non)renormalizability of the D-deformed Wess-Zumino model, Phys. Rev. D 81, 105020-105032 (2010), [arXiv:1001.2654].

[14] S. Terashima and J. T. Yee, Comments on Noncommutative Superspace, JHEP 0312, 053 (2003), [hep-th/0306237].

I. Jack, D. R. T. Jones and R. Purdy, The non-anticommutative supersymmetric Wess-Zumino model, 0808.0400[hep-th].

R. Britto and B. Feng, N = 1/2 Wess-Zumino model is renormalizable, Phys. Rev. Lett. 91, 201601 (2003), [hep-th/0307165].

A. Romagnoni, Renormalizability of N = 1/2 Wess-Zumino model in superspace, JHEP 0310, 016 (2003), [hep-th/0307209].

R. Britto, B. Feng, Soo-Jong Rey, Non(anti)commutative superspace, UV/IR mixing and open Wilson lines, JHEP 0308, 001 (2003), [hep-th/0307091].

[15] R. Britto, B. Feng, Soo-Jong Rey, Deformed superspace, N = 1/2 supersymmetry and nonrenormalization theorems, JHEP 0307, 067 (2003), [hep-th/0306215]. M. T. Grisaru, S. Penati and A. Romagnoni, Two-loop Renormalization for Nonanticommutative N = 1/2 Supersymmetric WZ Model, JHEP 0308, 003 (2003), [hep-th/ 0307099].

[16] C. P. Martin and C. Tamarit, The Seiberg-Witten map and supersymmetry, JHEP 0811 , 087 (2008), 0809.2684[hep-th].

C. P. Martin and C. Tamarit, Noncommutative N = 1 super Yang-Mills, the Seiberg-Witten map and UV divergences, JHEP 0911, 092 (2009), 0907.2437[hepth].

O. Lunin and S. J. Rey, Renormalizability of Non(anti)commutative Gauge Theories with N = 1/2 Supersymmetry, JHEP 0309, 045 (2003), [hep-th/0307275]. I. Jack, D. R. T. Jones and L. A. Worthy, One-loop renormalisation of N = 1/2 supersymmetric gauge theory with a superpotential, Phys. Rev. D75, 045014 (2007), [hep-th/0701096].

D. Berenstein, S. J. Rey, Wilsonian proof for renormalizability of N=1/2 supersymmetric field theories, Phys. Rev. D68, 121701, (2003), [hep-th/0308049].

[17] B. M. Zupnik, Twist-deformed supersymmetries in non-anticommutative superspaces, Phys. Lett. B 627 208 (2005) [hep-th/0506043].

M. Ihl and C. Sämann, Drinfeld-twisted supersymmetry and non-anticommutative superspace, JHEP 0601 (2006) 065, [hep-th/0506057].

M. Irisawa, Y. Kobayashi and S. Sasaki, Drinfel’d Twisted Superconformal Algebra and Structure of Unbroken Symmetries, Prog. Theor. Phys. 118 (2007) 83-96, [hep-th/0606207].

[18] M. Dimitrijević, V. Radovanović and J. Wess, Field Theory on Nonanticommutative Superspace, JHEP 0712, 059 (2007), 0710.1746[hep-th].

[19] P. Aschieri, M. Dimitrijević, F. Meyer and J. Wess, Noncommutative Geometry and Gravity, Class. Quant. Grav. 23, 1883-1912 (2006), [hep-th/0510059].

[20] V. G. Drinfeld, Quasi-Hopf algebras, Leningrad Math. J. 1, 1419 (1990).

V. Chari and A. Pressley, A Guide to Quantum Groups, Cambridge University Press, Cambridge (1995).

[21] H. Weyl, Quantenmechenik und Gruppentheorie, Z. Phys. 46, 1 (1927).

J. E. Moyal, Quantum mechanics as a statistical theory, Proc. Cambridge Phil. Soc. 45, 99 (1949).

[22] J. Wess and J. Bagger, Supersymmetry and Supergravity, Princton, USA: Univ. Pr.

(1992).

[23] C. Tamarit, Noncommutative GUT inspired theories with U(1), SU(N) groups and their renormalisability, 0910.5195[hep-th].

G. t Hooft and M. J. G. Veltman, One loop divergencies in the theory of gravitation, Annales Poincare Phys. Theor. A20, 69 (1974).

R. E. Kallosh, O. V. Tarasov and I. V. Tyutin, One Loop Finiteness Of Quantum Gravity Off Mass Shell, Nucl. Phys. B137, 145 (1978).

[24] S. Giller, C. Gonera, P. Kosinski and P. Maslanka, On the consistency of twisted gauge theory, Phys. Lett. B 655, 8083 (2007), [hep-th/0701014]. C. Gonera, P. Kosinski, P. Maslanka and S. Giller, Space-time symmetry of noncommutative field theory, Phys. Lett. B 622, 192 (2005), [hep-th/0504132]. P. Aschieri, L. Castellani and M. Dimitrijević, Dynamical noncommutativity and Noether theorem in twisted Φ^4 theory, Lett. Math. Phys. 85, 3953 (2008), 0803.4325 [hep-th].