arXiv:hep-th/0404250 v2 16 Jun 2004

hep-th/0404250 TIT/HEP-522 TU-718 April, 2004

Singlet Deformation and Non(anti)commutative N = 2 Supersymmetric U(1) Gauge Theory

Takeo Araki^1 and Katsushi Ito^2

1 Department of Physics Tohoku University Sendai, 980-8578, Japan

2Department of Physics Tokyo Institute of Technology Tokyo, 152-8551, Japan

Abstract

We study N = 2 supersymmetric U(1) gauge theory in non(anti)commutative N = 2 harmonic superspace with the singlet deformation, which preserves chirality. We construct a Lagrangian which is invariant under both the deformed gauge and supersymmetry transformations. We find the field redefinition such that the N = 2 vector multilplet transforms canonically under the deformed symmetries.

Non(anti)commutative superspace[1] with nonanticommutativity in Grassmann odd coordinates appears in superstrings compactified on Calabi-Yau threefold in the graviphoton background [2, 3, 4]. The low-energy effective theory on the D-brane is realized by supersymmetric gauge theories in non(anti)commutative superspace. Perturabative and non-perturabative aspects of these gauge theories have been studied extensively[5, 6, 7, 8]. It is an interesting problem to study the deformation of extended superspace since it admits a variety of deformation parameters[9]. The deformation of extended superspace has been recently studied in [10, 11, 12, 13, 14, 15]. In a previous paper [12], we have studied the deformed Lagrangian explicitly in the component formalism up to the first order in the deformation parameter C. Since the Lagrangian get higher order correction in C, the full Lagrangian is rather complicated. Moreover, the harmonic superspace formalism introduces the infinite number of auxiliary fields. In order to preserve the WZ gauge in the deformed theory, the gauge transformation has also correction in the form of power series in C.

There exist some interesting cases where the deformation structure becomes simple. One is the limit to the N = 1/2 superspace[5], where the action should reduce to N = 1/2 super Yang-Mills theory with adjoint matter. Another interesting case is the singlet deformation[10, 11], where the deformation parameters belongs to the singlet representation of the R-symmetry group SU(2)_R. In this paper, we will study N = 2 supersymmetric U(1) gauge theory in the harmonic superspace with singlet deformation. In this case, the gauge and supersymmetry transformations get correction linear in the deformation parameter. Therefore we can easily perform the field redefinition such that the component fields transform canonically under the gauge transformation. In the case of N = 1/2 super Yang-Mills theory, such field redefinition is also possible[5]. But in this case the component fields do not transform canonically under the deformed supersymmtery transformation. In the singlet case, we will show that there is a field redefinition such that the redefined fields also transform canonically under the deformed supersymmetry. We will construct a deformed Lagrangian which is invariant under both the gauge and supersymmetry transformations. We find that the deformed Lagrangian is characterized by a single function of an anti-holomorphic scalar field.

We begin with reviewing the non(anti)commutative deformation of N = 2 harmonic superspace [10, 11, 12]. The N = 2 harmonic superspace [16] has coordinates (x^μ, θ^α_i , θ̄^{α̇i}, u^{±i}), where μ = 0, 1, 2, 3 are spacetime indices, α, α̇ = 1, 2 spinor indices and i = 1, 2 SU(2)_R indices. We will consider the Euclidean signature of spacetime. For lowering and raising spinor indices, we use an antisymmetric tensor ε_{αβ} with ε^{12} = −ε_{12} = 1, while for SU(2)_R indices, we use ϵ_{ij} with ϵ^{12} = −ϵ_{12} = −1. The coordinates (x^μ, θ^α_i , θ̄^{α̇i}) are those of N = 2 rigid superspace. The bosonic variables u^{±i}, called the harmonic variables, form an SU(2) matrix satisfying u^{+i}u^−_i = 1 and u^{+i} = u^−_i . The harmonic variables are necessary for the off-shell formulation of supersymmetric field theories with extended supersymmetry as developed in [16]. The supersymmetry generators Q^i_α, Q̄_{α̇i} and the supercovariant derivatives D^i_α, D̄_{α̇i} are defined by

Q^i_α = ∂ ∂θ^α_i − i(σ^μ)_{αα̇}θ̄^{α̇i} ∂ ∂x^μ , Q̄_{α̇i} = − ∂ ∂θ̄^{α̇i} + iθ^α_i (σ^μ)_{αα̇} ∂ ∂x^μ D^i_α = ∂ ∂θ^α_i + i(σ^μ)_{αα̇}θ̄^{α̇i} ∂ ∂x^μ , D̄_{α̇i} = − ∂ ∂θ̄^{α̇i} − iθ^α_i (σ^μ)_{αα̇} ∂ ∂x^μ . (1)

In the harmonic superspace, we use the supercovariant derivatives

D^±_α = u^±_i D^i_α, D̄^±_α = u^±_i D̄^i_α, (2)

which are U(1)-projected by using u^±_i . For the off-shell formulation of field theories, the basic ingredient is the analytic superfield Φ satisfying D^+_α Φ = D̄^+_{α̇} Φ = 0. The solution of these constraints can be conveniently written of the form Φ = Φ(x^μ_A, θ^+, θ̄^+, u) by introducing analytic coordinates

x^μ_A = x^μ − i(θ^iσ^μθ̄^j + θ^j σ^μθ̄^i)u^+_i u^−_j = x^μ − i(θ^+σ^μθ̄^− + θ^−σ^μθ̄^+), (3) θ^±_α = u^±_i θ^i_α, θ̄^±_{α̇} = u^±_i θ̄^i_{α̇}. (4)

We now introduce the nonanticommutativity in the N = 2 harmonic superspace by using the ∗-product:

{θ^α_i , θ^β_j }_∗ = C^{αβ}_{ij} , (5) with some constants C^{αβ}_{ij} . We assume that the chiral coordinates x^μ_L ≡ x^μ + iθ_iσ^μθ̄^i and θ̄_{α̇i} (anti-)commute with other coordinates

[x^μ_L, x^ν_L]_∗ = [x^μ_L, θ^α_i ]_∗ = [x^μ_L, θ̄^{α̇i}]_∗ = 0, {θ̄^{α̇i}, θ̄^{β̇j} }_∗ = {θ̄^{α̇i}, θ^α_j }_∗ = 0. (6)

Here the ∗-product realizing this non(anti)commutativity is defined by f ∗ g(θ) = f(θ) exp(P )g(θ), P = − 1 2 ←− Q^i_αC^{αβ}_{ij} −→ Q^j_β. (7) The Poisson structure P commutes with the supercovariant derivatives. This deformation preserves chirality. The constants C^{αβ}_{ij} is a symmetric property C^{αβ}_{ij} = C^{βα}_{ji} and can be decomposed of the form: C^{αβ}_{ij} = C^{αβ}_{(ij)} + 1 4 ϵ_{ij} ε^{αβ}C_s. (8) Here the first term C^{αβ}_{(ij)} is symmetric with respect to i and j (and also α and β). The second term is antisymmetric and is called the singlet deformation introduced in [10, 11], In [11] the deformation with the Poisson structure P = −^1_8 ε^{αβ}ϵ_{ij} C_s ←− D^i_α −→ D^j_β has been studied. In this paper we will consider the ∗-product (7) with the singlet deformation parameter[10]: P = − 1 8 ε^{αβ}ϵ_{ij} C_s ←− Q^i_α −→ Q^j_β . (9) The action of N = 2 supersymmetric U(1) gauge theory in this non(anti)commutative harmonic superspace is written in terms of an analytic superfield V^{++} [17]: S = 1 2 ∞∑ n=2 (−i)^n n ∫ d^4xd^8θdu_1 · · · du_n V^{++}(ζ_1, u_1) ∗ · · · ∗ V^{++}(ζ_n, u_n)

(u^+_1 u^+_2 ) · · · (u^+_n u^+_1 )

(10)

where ζ_i = (x_A, θ^+_i , θ̄^+_i ) and d^8θ = d^4θ^+d^4θ^− with d^4θ^± = d^2θ^±d^2θ̄^±. The harmonic integral ∫ du is defined as in [16]. The action (10) is invariant under the gauge transformation δ^∗_ΛV^{++} = −D^{++}Λ + i[Λ, V^{++}]_∗, (11) where the gauge parameter Λ(ζ, u) is also analytic. D^{++} denotes the harmonic derivative D^{++} = u^{+i ∂}_{∂u−i} − 2iθ^+σ^μθ̄^{+ ∂}_{∂x}μ_A + θ^{+α ∂}_{∂θ−α} + θ̄^{+α̇ ∂}_{∂θ̄−α̇} . When an analytic superfield is expanded in the Grassmann coordinates, each component field has a harmonic expansion with respect to u^±_i . The analytic superfield V^{++} therefore contains infinitely many auxiliary fields. Since the gauge parameter Λ also includes infinitely many fields, one can remove unnecessary auxiliary fields as in the commutative case. We then arrive at the Wess-Zumino(WZ) gauge:

V^{++}_{W Z} (ζ, u) = −i √ 2(θ^+)^2ϕ̄(x_A) + i √ 2(θ̄^+)^2ϕ(x_A) − 2iθ^+σ^μθ̄^+A_μ(x_A) +4(θ̄^+)^2θ^+ψ^i(x_A)u^−_i − 4(θ^+)^2θ̄^+ψ̄^i(x_A)u^−_i + 3(θ^+)^2(θ̄^+)^2D^{ij} (x_A)u^−_i u^−_j . (12)

In [12], we have computed the O(C) action (10) in the WZ gauge explicitly. In the singlet case, the order O(C_s) Lagrangian reads L = L^{(0)} + L^{(1)}, where

L^{(0)} = − 1 4 F_{μν} (F^{μν} + F̃^{μν} ) − iψ^iσ^μ∂_μψ̄_i − ∂^μϕ∂_μϕ̄ + 1 4 D_{ij} D^{ij} , L^{(1)} = 1 √ 2 C_sA_ν ∂_μϕ̄(F^{μν} + F̃^{μν} ) + i √ 2 C_sϕ̄(ψ^kσ^ν ∂_νψ̄_k) + i √ 2 C_s(ψ^kσ^νψ̄_k)∂_νϕ̄ − i 2 C_sε^{αβ}A_μ(σ^μψ̄^k)_α(σ^ν ∂_νψ̄_k)_β + i 2 C_sψ̄^iψ̄^j D_{ij} + √ 2 4 C_sA_μA^μ∂^2ϕ̄ − √ 2 4 C_sϕ̄D^{ij} D_{ij} , (13)

where F̃_{μν} ≡^i_2 ε^{μνρσ} F_{ρσ}. Note that L^{(0)} is the undeformed Lagrangian.

In the commutative case, the gauge transformation with the gauge parameter λ(x_A) preserves the WZ gauge. But for generic C^{αβ}_{ij} , λ(x_A) does not. In [12], we have constructed the gauge parameter Λ(ζ, u) which preserves the WZ gauge, which is an infinite power series in the deformation parameter C. We will see now the deformed gauge transformation in the singlet case more explicitly. For later convenience, we begin with the deformed gauge transformation (11) of V^{++}_{W Z} with the most general analytic gauge parameter Λ(ζ, u):

Λ(ζ, u) = λ^{(0,0)}(x_A, u) + θ̄^+_{α̇} λ^{(0,1)α̇}(x_A, u) + θ^{+α}λ^{(1,0)}_α (x_A, u) + (θ̄^+)^2λ^{(0,2)}(x_A, u) + (θ^+)^2λ^{(2,0)}(x_A, u) + θ^+σ^μθ̄^+λ^{(1,1)}_μ (x_A, u) + (θ̄^+)^2θ^{+α}λ^{(1,2)}_α (x_A, u) + (θ^+)^2θ̄^+_{α̇} λ^{(2,1)α̇}(x_A, u) + (θ^+)^2(θ̄^+)^2λ^{(2,2)}(x_A, u). (14)

Here we have denoted the (θ^+)^n(θ̄^+)^m-component as λ^{(n,m)}(x_A, u). In the case of the singlet deformation, the gauge variation of V^{++}_{W Z} corresponding to this general gauge parameter is calculated as

δ^∗_ΛV^{++}_{W Z} = −∂^{++}λ^{(0,0)} + θ̄^+_{α̇} ( −∂^{++}λ^{(0,1)α̇} ) + θ^{+α} ( −∂^{++}λ^{(1,0)}_α ) + (θ̄^+)^2 ( iC_s∂_μλ^{(0,0)}A^μ − ∂^{++}λ^{(0,2)} ) + (θ^+)^2 ( −∂^{++}λ^{(2,0)} ) + θ^+σ^μθ̄^+ ( 2i∂_μλ^{(0,0)} + √ 2iC_s∂_μλ^{(0,0)}ϕ̄ − ∂^{++}λ^{(1,1)}_μ )

+ (θ̄^+)^2θ^{+α} ( −2C_s∂_μλ^{(0,0)}(σ^μψ̄^i)_αu^−_i − i(σ^ν ∂_ν λ^{(0,1)})_α − i √ 2 C_s(σ^ν ∂_ν λ^{(0,1)})_αϕ̄ + i 2 C_sλ^{(1,0)β} (σ^μσ̄^ν ε)_{βα}∂_μA_ν + iC_s∂_μλ^{(1,0)}_α A_μ − ∂^{++}λ^{(1,2)}_α )

+ (θ^+)^2θ̄^+_{α̇} ( i∂_μλ^{(1,0)β}σ^μ_{ββ̇}ε^{β̇α̇} + i √ 2 C_s∂_ν { λ^{(1,0)α}σ^ν_{αβ̇}ε^{β̇α̇}ϕ̄ } − ∂^{++}λ^{(2,1)α̇} )

+ (θ^+)^2(θ̄^+)^2 ( C_s∂_ν { λ^{(1,0)α}(σ^νψ̄^−)_α } − i∂^μλ^{(1,1)}_μ − i √ 2 C_s∂^μ(λ^{(1,1)}_μ ϕ̄) + iC_s∂^μ(λ^{(2,0)}A_μ) − ∂^{++}λ^{(2,2)} ) , (15)

where ∂^{++} ≡ u^{+i ∂}_{∂u−i} . Requiring that the analytic gauge parameter preserves the WZ gauge, we find that the gauge parameter should satisfy λ^{(0,0)}(x_A, u) = λ(x_A) and the other components are zero. Namely, the analytic gauge parameter retaining the WZ gauge is of the same form as in the commutative case:

Λ(ζ, u) = λ(x_A). (16)

Then we immediately find the deformed gauge transformation laws for the component fields in the case of the singlet deformation:

δ^∗_ΛA_μ = − ( 1 + 1 √ 2 C_sϕ̄ ) ∂_μλ, δ^∗_Λϕ = 1 √ 2 C_sA_μ∂^μλ, δ^∗_Λψ^i_α = − 1 2 C_s∂_μλ (σ^μψ̄^i)_α, δ^∗_Λϕ̄ = δ^∗_Λψ̄^i_{α̇} = δ^∗_ΛD^{ij} = 0. (17)

Note that ther is no higher order correction in C_s.

We will determine the supersymmetry transformation δ_ξ generated by the supersymmetry generators Q^i_α. First we consider the action of Q^i_α on the gauge superfield:

δ̃_ξV^{++}_{W Z} ≡ ξ^α_i Q^i_αV^{++}_{W Z} . (18)

In the analytic basis, ξ^α_i Q^i_α = −ξ^{+α}Q^−_α + ξ^{−α}Q^+_α , (19) where ξ^±_α ≡ ξ^i_αu^±_i and

Q^+_α = ∂ ∂θ^{−α} − 2iσ^μ_{αα̇}θ̄^{+α̇} ∂ ∂x^μ_A , Q^−_α = − ∂ ∂θ^{+α} . (20)

The variation is not affected by the nonanticommutativity, so that we have

δ̃_ξV^{++}_{W Z} = θ̄^+_{α̇} ( 2i(ξ^+σ^μ)˙_βε^{β̇α̇}A_μ ) + θ^{+α} ( −2 √ 2iξ^+_α ϕ̄ ) + (θ̄^+)^2 ( 4ξ^+ ψ^iu^−_i ) + θ^+σ^μθ̄^+ ( 4ξ^+σ_μψ̄^iu^−_i ) + (θ̄^+)^2θ^{+α} ( −2(σ^μσ̄^ν ξ^−)_α∂_ν A_μ + 6ξ^+_α D^{ij} u^−_i u^−_j ) + (θ^+)^2θ̄^+_{α̇} ( 2 √ 2(ξ^−σ^μ)˙_β ε^{β̇α̇}∂_μϕ̄ ) + (θ^+)^2(θ̄^+)^2 ( −4iξ^−σ^μ∂_μψ̄^iu^−_i ) . (21)

This is out of the WZ gauge, so in order to retain the WZ gauge it should be associated with an appropriate deformed gauge transformation δ^∗_Λ, as in the commutative case. From the result for the deformed gauge variation with the most general gauge parameter, (15), we can find that at least λ^{(0,0)} and λ^{(2,0)} should be zero. With the use of such an analytic gauge parameter, the equations to determine the deformed supersymmetric transformation of the component fields will be found from the equation

δ_ξV^{++}_{W Z} = δ̃_ξV^{++}_{W Z} + δ^∗_ΛV^{++}_{W Z} . (22)

From those equations, we can find the appropriate gauge parameter is the one as same as in the C_s = 0 case and determine the deformed supersymmetry transformations as δ_ξA_μ = iξ^iσ_μψ̄_i, δ_ξϕ = − √ 2iξ^iψ_i, δ_ξϕ̄ = 0, δ_ξψ^i_α = ( 1 + 1 √ 2 C_sϕ̄ ) (σ^{μν} ξ^i)_αF_{μν} − D^{ij} ξ_{αj} + 1 √ 2 C_sξ^i_α∂_μϕ̄A^μ, δ_ξψ̄^{α̇i} = − √ 2(σ̄^μξ^i)^{α̇} ( 1 + 1 √ 2 C_sϕ̄ ) ∂_μϕ̄, δ_ξD^{kl} = −iξ^k σ^μ∂_μ { ψ̄^l ( 1 + 1 √ 2 C_sϕ̄ ) } − iξ^lσ^μ∂_μ { ψ̄^k ( 1 + 1 √ 2 C_sϕ̄ ) } , (23)

where σ^{μν} ≡^1_4 (σ^μσ̄^ν − σ^νσ̄^μ).

We have seen that the deformed gauge and supersymmetry transformations are exact at the order O(C_s). One may consider the component action which is invariant under these transformations. The variation of L^{(1)} for the deformed gauge and supersymmetry transformations produces new terms of order O(C^2_s ), which should be cancelled by the variation of the O(C^2_s ) Lagrangian L^{(2)}. But it turns out that these deformed transformations change only the ϕ̄ dependence of interaction terms among gauge fields and fermions. Since the spacetime coordinates have noncommutativity with nilpotent parameters, we expect that the Lagrangian do not include the higher derivative terms. Thus we assume the Lagrangian takes the form

L = f_1(ϕ̄)F_{μν} (F^{μν} + F̃^{μν} ) + f_2(ϕ̄)ψ^iσ^μ∂_μψ̄_i + f_3(ϕ̄)ϕ + f_4(ϕ̄)D_{ij} D^{ij}

+f_5(ϕ̄)A_μ(ψ̄^iσ̄^μσ^ν ∂_νψ̄_i) + f_6(ϕ̄)A_μ∂_νϕ̄(F^{μν} + F̃^{μν} ) + f_7(ϕ̄)A^μA_μ + f^{μν}_8 (ϕ̄)A_μA_ν +f_{9μ}(ϕ̄)ψ^iσ^μψ̄_i + f_{10ν} (ϕ̄)A_μψ̄^iσ̄^μσ^νψ̄_i + f_{11}(ϕ̄)D_{ij}ψ̄^iψ̄^j + f_{12}(ϕ̄)(ψ̄^iψ̄^j )(ψ̄_iψ̄_j ).(24)

Here f_i are functions of ϕ̄ and its derivatives. Invariance of the Lagrangian L under the deformed gauge transformation (17) imposes the constrains on the functions f_i’s. Similarly invariance under the deformed supersymmetry transformation (23) leads to the further constraints on f_i’s. From the set of those constrains, f_i’s are solved by the function f_2. Therefore the Lagrangian becomes

L = if_2(ϕ̄) { − 1 4 ( 1 + 1 √ 2 C_sϕ̄ ) F_{μν} (F^{μν} + F̃^{μν} ) − iψ^iσ^μ∂_μψ̄_i + ( 1 + 1 √ 2 C_sϕ̄ ) ∂^2ϕ̄ϕ + 1 4 1 1 +^{1√}_2 C_sϕ̄ D_{ij} D^{ij} − iC_s 2 1 +^{1√}_2 C_sϕ̄

A_μ(ψ̄^kσ̄^μσ^ν ∂_νψ̄_k) − 1 √ 2 C_sA_μ∂_ν ϕ(F^{μν} + F̃^{μν} )

+ C_s 2 √ 2 { ∂^μ∂_μϕ̄ − C_s√ 2 1 +^{1√}_2 C_sϕ̄ ∂^μϕ̄∂_μϕ̄ } A^μA_μ + 1 4 C^2_s 1 +^{1√}_2 C_sϕ̄ ∂_μϕ̄∂_νϕ̄A^μA^ν

+ i^{Cs√}_2 1 +^{1√}_2 C_sϕ̄

∂^μϕ̄ψ^kσ_μψ̄_k + i^{C2s}_2^√_2 ( 1 +^{1√}_2 C_sϕ̄ )_2 ∂νϕ̄Aμψ̄^kσ̄^μσ^νψ̄k

+ i 2 C_s ( 1 +^{1√}_2 C_sϕ̄ )_2 Dijψ̄^iψ̄^j − 1 4 C^2_s ( 1 +^{1√}_2 C_sϕ̄

)_3 (ψ̄^iψ̄^j )(ψ̄iψ̄j ) } . (25)

At the order O(C_s), the Lagrangian reduced to the result (13) due to f_2 = −i ( 1−^{1√}_2 C_sϕ̄ ) + O(C^2_s ).

Now we consider the field redefinition. In the singlet deformation case, the O(C_s) gauge transformation (17) is exact. We can redefine the component fields such that these transform canonically under the deformed gauge transformation. Let us introduce Â_μ, ϕ̂ and ψ̂^i by

Â_μ = F (ϕ̄)A_μ, ϕ̂ = ϕ + G(ϕ̄)A_μA^μ, ψ̂^i_α = ψ^i + H(ϕ̄)A^μ(σ^μψ̄^i)_α, (26)

where F (ϕ̄), G(ϕ̄) and H(ϕ̄) are functions of ϕ̄. If we require that these fields transform canonically, i.e. δ_λÂ_μ = −∂_μλ, and δ_λϕ̂ = δ_λψ̂^i = 0, then the functions F , G and H are determined as

F (ϕ̄) = 1 1 +^{1√}_2 C_sϕ̄ , G(ϕ̄) = 1 2 √ 2 C_s 1 +^{1√}_2 C_sϕ̄ , H(ϕ̄) = − 1 2 C_s 1 +^{1√}_2 C_sϕ̄

. (27)

It is easy to see that the Lagrangian (25) after the field redefinitions (26) also coincides with the O(C_s) result in [12].

The N = 2 vector multiplet (D^{ij} , Â_μ, ψ̂^i, ψ̄_i, ϕ̂, ϕ̄), however, does not transform canonically under the supersymmetry transformation. But, if we instead perform field redefinitions as

a_μ = F (ϕ̄)A_μ, φ = F (ϕ̄)^2 ( ϕ + G(ϕ̄)A_μA^μ ) , φ̄ = ϕ̄, λ^i_α = F (ϕ̄)^2 ( ψ^i_α + H(ϕ̄)A_μ(σ^μψ̄^i)_α ) , λ̄^{α̇i} = F (ϕ̄)ψ̄^{α̇i}, D̃^{ij} = F (ϕ̄)^2 ( D^{ij} − 2iH(ϕ̄)ψ̄^iψ̄^j ) , (28)

we can show that the multiplet (D̃^{ij} , a_μ, λ^i, λ̄_i, φ, φ̄) now transforms canonically under the supersymmetry transformation as well as the gauge transformation: δ_ξa_μ = iξ^iσ_μλ̄_i, δ_ξφ = −i √ 2ξ^iλ_i, δ_ξφ̄ = 0, δ_ξλ^i_α = (σ^{μν} ξ^i)_αf_{μν} − D̃^{ij} ξ_{jα}, δ_ξλ̄^{α̇i} = − √ 2(σ̄^μξ^i)^{α̇}∂_μφ̄, δ_ξD̃^{ij} = −i ( ξ^iσ^μ∂_μλ̄^j + ξ^j σ^μ∂_μλ̄^i ) , (29)

here f_{μν} ≡ ∂_μa_ν − ∂_ν a_μ. In terms of these newly defined fields, the Lagrangian becomes

L = if_2(φ̄) ( 1 + 1 √ 2 C_sφ̄ )_3{ − 1 4 f_{μν} (f^{μν} + f̃^{μν} ) − iλ^iσ^μ∂_μλ̄_i + φ∂^2φ̄ + 1 4 D̃_{ij}D̃^{ij} } , (30)

which takes a simple form.

In this paper, we have determined the deformed gauge and supersymmetry transformation of component fields of N = 2 supersymmetric U(1) gauge theory in the noncommutative harmonic superspace with the singlet deformation parameter. The Lagrangian which is invariant under these transformations are obtained. In this work, we could not determine the complete Lagrangian due to the function f_2(ϕ̄), which is necessary for further study. We have studied the field redefinition of component fields, such that these fields transform canonically under the gauge transformation. It is interesting to compare the present result to the Lagrangian in [11], which is based on the different Poisson structure.

It is also interesting to study the deformed supersymmetry in the case of non-singlet deformation. We expect that the action is invariant under the deformed N = (1, 0) supersymmetry. In this case one may consider the N = 1/2 superspace limit by restricting C^{αβ}_{ij} to C^{αβ}δ^1_i δ^1_j . The action in this limit is expected to reduce to that in [6], in which it was claimed that the N = 2 action has only N = 1/2 supersymmetry. In [6], the supersymmetry linearly deformed in C has been examined. But the reduction from the harmonic superspace suggests that the deformed supersymmetry is realized nonlinearly in C. In a subsequent paper [18], we will study the structure of supersymmetry for generic deformation parameters and clarify this point.

Acknowledgments: We would like to thank A. Ohtsuka for useful discussion. One of the authors (T. A.) is supported by the Grant-in-Aid for Scientific Research in Priority Areas (No.14046201) from the Ministry of Education, Culture, Science, Sports and Technology of Japan.

Note added: After this paper was submitted to the e-archive, a new paper has appeared [19] where the undetermined function in the component Lagrangian is completely fixed.

References

[1] J. H. Schwarz and P. Van Nieuwenhuizen, “Speculations Concerning A Fermionic Substructure Of Space-Time,” Lett. Nuovo Cim. 34, 21 (1982).

[2] H. Ooguri and C. Vafa, “The C-deformation of gluino and non-planar diagrams”, Adv. Theor. Math. Phys. 7 (2003) 53, arXiv:hep-th/0302109; “Gravity induced Cdeformation,” Adv. Theor. Math. Phys. 7 (2004) 405, arXiv:hep-th/0303063.

[3] N. Berkovits and N. Seiberg, “Superstrings in graviphoton background and N = 1/2 + 3/2 supersymmetry”, JHEP 0307 (2003) 010, arXiv:hep-th/0306226.

[4] J. de Boer, P. A. Grassi and P. van Nieuwenhuizen, “Non-commutative superspace from string theory”, Phys. Lett. B574 (2003) 98, arXiv:hep-th/0302078.

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

[6] T. Araki, K. Ito and A. Ohtsuka, “Supersymmetric gauge theories on noncommutative superspace”, Phys. Lett. B573 (2003) 209, arXiv:hep-th/0307076.

[7] R. Britto, B. Feng and S. J. Rey, “Deformed superspace, N = 1/2 supersymmetry and (non)renormalization theorems”, JHEP 0307 (2003) 067, arXiv:hep-th/0306215; S. Terashima and J. T. Yee, “Comments on noncommutative superspace,” JHEP 0312 (2003) 053, arXiv:hep-th/0306237;

M. T. Grisaru, S. Penati and A. Romagnoni, “Two-loop renormalization for nonanticommutative N = 1/2 supersymmetric WZ model”, JHEP 0308 (2003) 003, arXiv:hep-th/0307099;

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

A. Romagnoni, “Renormalizability of N = 1/2 Wess-Zumino model in superspace”, JHEP 0310 (2003) 016, arXiv:hep-th/0307209;

O. Lunin and S. J. Rey, “Renormalizablity of non(anti)commutative gauge theories with N = 1/2 supersymmetry”, JHEP 0309 (2003) 045, arXiv:hep-th/0307275; D. Berenstein and S. J. Rey, “Wilsonian proof for renormalizability of N = 1/2 supersymmetric field theories”, Phys. Rev. D68 (2003) 121701, arXiv:hep-th/0308049; M. Alishahiha, A. Ghodsi and N. Sadooghi, “One-loop perturbative corrections to non(anti)commutativity parameter of N = 1/2 supersymmetric U(N) gauge theory”, arXiv:hep-th/0309037

[8] A. Imaanpur, “On instantons and zero modes of N = 1/2 SYM theory”, JHEP 0309 (2003) 077, arXiv:hep-th/0308171; “Comments on Gluino Condensates in N = 1/2 SYM theory”, JHEP 0312 (2003) 009, arXiv:hep-th/0311137;

P. A. Grassi, R. Ricci and D. Robles-Llana, “Instanton Calculations for N =^1_2 super Yang-Mills theory”, arXiv:hep-th/0311155;

R. Britto, B. Feng, O. Lunin and S. J. Rey, “U(N) instantons on N =^1_2 superspaceexact solution & geometry of moduli space”, arXiv:hep-th/0311275; M. Billo, M. Frau, I. Pesando and A. Lerda, “ N = 1/2 Gauge theory and its instanton moduli space from open strings in RR background”, arXive:hep-th/0402160; A. Imaanpur and S. Parvizi, “N = 1/2 super Yang-Mills theory on Euclidean AdS_2 × S^2”, arXiv:hep-th/0403174.

[9] D. Klemm, S. Penati and L. Tamassia, “Non(anti)commutative superspace,” Class.

Quant. Grav. 20, 2905 (2003) arXiv:hep-th/0104190;

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

M. Hatsuda, S. Iso and H. Umetsu, “Noncommutative superspace, supermatrix and lowest Landau level”, Nucl. Phys. B671 (2003) 217, arXiv:hep-th/0306251; S. Ferrara, M. A. Lledo and O. Macia, “Supersymmetry in noncommutative superspaces”, JHEP 0309 (2003) 068, arXiv:hep-th/0307039.

[10] E. Ivanov, O. Lechtenfeld and B. Zupnik, “Nilpotent Deformations of N = 2 Superspace” JHEP 0402 (2004) 012, arXiv:hep-th/0308012.

[11] S. Ferrara and E. Sokatchev, “Non-anticommutative N = 2 super-Yang-Mills theory with singlet deformation”, Phys. Lett. B579 (2004) 226, arXiv:hep-th/0308021.

[12] T. Araki, K. Ito and A. Ohtsuka, “N = 2 Supersymmetric U(1) gauge theories in noncommutative harmonic superspace”, JHEP 0401 (2004) 046, arXiv:hep-th/0401012.

[13] C. Sämann and M. Wolf, “Constraint and superYang-Mills equations on the deformed superspace R^{(4|16)}_{h̄} ”, arXiv:hep-th/0401147.

[14] D. Mikulovic, “Seiberg-Witten Map for superfields on N = (1/2, 0) and N = (1/2, 1/2) deformed superspace”, arXiv:hep-th/0403290.

[15] S.V. Ketov and S. Sasaki, “BPS-type Equations in the Non-anticommutative N=2 Supersymmetric U(1) Gauge Theory”, arXiv:hep-th/0404119.

[16] A. Galperin, E. Ivanov, V. Ogievetsky and E. Sokatchev, “Harmonic Superspace”, Cambridge University Press , 2001.

[17] B.M. Zupnik, “The action of the supersymmetric N = 2 gauge theory in harmonic superspace”, Phys. Lett. B183 (1987) 175.

[18] T. Araki, K. Ito and A. Ohtsuka, work in progress.

[19] S. Ferrara, E. Ivanov, O. Lechtenfeld, E. Sokatchev and B. Zupnik, “Nonanticommutative chiral singlet deformation of N = (1,1) gauge theory”, arXiv:hep-th/0405049.