arXiv:1106.5853v1 [hep-th] 29 Jun 2011

SIT-LP-11/04 April, 2011

Note on SUSY BF theory in (1 + 2) dimensions from SUSY algebra for vector-spinor field

Kazunari Shima^∗ and Motomu Tsuda^†

Laboratory of Physics, Saitama Institute of Technology Fukaya, Saitama 369-0293, Japan

Abstract

We show in (1 + 2) dimensions that supersymmetric (SUSY) BF action for a (minimal and off-shell) spin- ( 1,^3_2 ) supermultiplet is a unique SUSY invariant one required from the closure property of commutator algebra for SUSY transformations.

PACS: 11.30.Pb, 12.60.Jv, 12.60.Rc, 12.10.-g Keywords: supersymmetry, vector-spinor field, BF theory

∗e-mail: shima@sit.ac.jp †e-mail: tsuda@sit.ac.jp

As a toy model to study the genuine topological structures of the field theory model, BF theory and its supersymmetric (SUSY) version [1] are considered. In this short note we show another meaning of SUSY BF theory containing a vector-spinor (highspin) field in (1 + 2) dimensions from the SUSY algebra for a spin- ( 1,^3_2 ) supermultiplet.

Let us consider a set of the minimal and off-shell component fields (v_a, λ_a, B_a), where we denote v_a for a (U(1)) vector field, λ_a for a (Majorana) vector-spinor field and B_a for a auxiliary vector field, respectively. We discuss the closure property of commutator algebra for the most general form of SUSY [2]-[4] transformations in d = 3, δ_ζ v_a = a_1ζ̄λ_a + ia_2ϵ_{abc}ζ̄γ^bλ^c, δ_ζ λ_a = ib_1F_{ab}γ^bζ + b_2ϵ_{abc}F^{bc}ζ + b_3B_aζ + ib_4ϵ_{abc}B^bγ^cζ, δ_ζ B_a = ic_1ζ̄∂̸λ_a + ic_2ζ̄γ_a∂ · λ + ic_3ζ̄∂_aλ̸ + c_4ϵ_{abc}ζ̄∂^bλ^c, (1) where F_{ab} = ∂_av_b − ∂_bv_a is the U(1) gauge field strength, ζ is a constant (Majorana) spinor parameter for the SUSY transformations and {a_i, b_i, c_i} are arbitrary (real) parameters.

The off-shell closure property of the commutator algebra for the SUSY transformations (1) up to terms for gauge transformations requires a_2 = b_2 = b_4 = c_2 = c_4 = 0, (2) a_1b_1 + b_3c_1 = 0. (3) The condition (2) restricts the form of Eq.(1) to δ_ζ v_a = a_1ζ̄λ_a, δ_ζ λ_a = ib_1F_{ab}γ^bζ + b_3B_aζ, δ_ζ B_a = ic_1ζ̄∂̸λ_a + ic_3ζ̄∂_aλ̸, (4) which produce the closed off-shell commutator algebra

[δ_{ζ1} , δ_{ζ2} ] = δ_P (Ξ^a) + δ_g(θ) + δ_g(ε) + δ_g(η), (5)

where {δ_P (Ξ^a), δ_g(θ), δ_g(ε), δ_g(η)} are

δ_P (Ξ^a) ... translations with a parameter Ξ^a = 2ia_1b_1ζ̄_1γ^aζ_2, δ_g(θ) ... the U(1) gauge transformation with a parameter θ = −2ia_1b_1ζ̄_1γ^aζ_2v_a, δ_g(ε) ... a spinor gauge transformation with a parameter

ε = −i(a_1b_1 + b_3c_3)ζ̄_1γ^bζ_2λ_b + (a_1b_1 − b_3c_3)ϵ_{bcd}ζ̄_1γ^bζ_2γ^cλ^d, δ_g(η) ... a gauge transformation with a parameter

η = −2ib_3c_3ζ̄_1γ^aζ_2B_a + ib_1(c_1 + 2c_3)ϵ_{bcd}ζ̄_1γ^bζ_2F^{cd}, (6)

respectively.

Now we consider the invariant action. For (3) we put

b_1 c_1 = −b_3 a_1

= α, (7)

and starting from the most general Lorentz invariant action for the minimal offshell supermultiplet, we find the following SUSY and gauge invariant action which is unique under the SUSY transformations (4),

L = 1 2 αϵ^{abc}B_aF_{bc} + 1 2 ϵ^{abc}λ̄_a∂_bλ_c. (8) This is SUSY BF action for α = 1 in d = 3 space-time, which was first obtained as the SUSY extension of ordinary BF theory [1]. We just mention that when c_3 = −c_1 with the condition (3) the SUSY transformation δ_ζ λ_a in Eq.(4) is written in terms of the spinor gauge invariant R_{ab} = ∂_aλ_b − ∂_bλ_a, and that the ϵ_{bcd}ζ̄_1γ^bζ_2γ^cλ^d terms vanish in the parameter ε of Eq.(6).

Therefore, we conclude that in (1 + 2) dimensions the SUSY BF action (8) for the (minimal and off-shell) spin- ( 1,^3_2 ) supermultiplet is the unique SUSY invariant one required from the closure property of the SUSY transformations. These results seem characteristic in contrast with the situation for lower spin supermultiplets, for fermionic physical (though free) and bosonic unphysical degrees of freedom would form supermultiplet, which may give new insights to the role of high spin fields [5] in the (local) SUSY theory model. Similar arguments in d = 4 for higher spin fields are future problems.

References

[1] R. Brooks and S.J. Gates Jr, Nucl. Phys. B 432 (1994) 205, hep-th/9407147 and further references for ordinary BF theory therein.

[2] Y.A. Golfand and E.S. Likhtman, JET Lett. 13 (1971) 323. [3] J. Wess and B. Zumino, Phys. Lett. B 49 (1974) 52. [4] J. Wess and B. Zumino, Nucl. Phys. B 78 (1974) 1. [5] B. de Witt, D.Z. Freedman, Phys. Rev. D 21 (1980) 343.