arXiv:hep-th/0412013 v1 1 Dec 2004

Europhysics Letters PREPRINT

Topological mass generation to antisymmetric tensor matter field

L. Gonzaga Filho^{1,2}, M. S. Cunha^2 and R. R. Landim(^∗)^1 1 Departamento de Física, Universidade Federal do Ceará, Caixa Postal 6030, 60455- 760, Fortaleza, Ceará, Brazil 2 Núcleo de Física, Universidade Estadual do Ceará Av. Paranjana, 1700, CEP 60740-000, Fortaleza, Ceará, Brazil

PACS. 11.10.Ef – .

Abstract. – We propose a mechanism to give mass to tensor matter field which preserve the U(1) symmetry. We introduce a complex vector field that couples with the tensor in a topological term. We also analyze the influence of the kinetic terms of the complex vector in our mechanism.

Antisymmetric tensor fields have been object of study since a long time ago [1]. Primarily they appear as a generalization of the vector gauge fields, i.e, have a gauge symmetry and their propagators possess zero modes. This type of tensor fields, commonly called tensor gauge fields, permit us to construct topological invariants in D-dimensional manifolds [2,3] and have an important role in dualization [4–7]. Let us remark that such fields are the key to generate mass for the vector gauge fields through the topological mass mechanism [8–10].

A few years ago a new type of second rank antisymmetric tensor was introduced by Avdeev and Chizhov [11]. They constructed an action with spinors and vector gauge fields in which the tensor is a matter field rather than a gauge field and permit a quartic self-interacting invariant term. It exhibits several interesting features among which we underline the asymptotically free ultraviolet behavior of the abelian gauge interaction. Later Lemes et al [12] showed through BRST framework that this model is renormalizable into all perturbative orders. In a subsequent paper they realized that the tensor matter field is a real component of a complex tensor field that satisfies a complex self-dual condition [13]. As shown by the authors this condition makes the tensor matter field massless. Recently, Geyer and Mülsch [14] constructed a supersymmetric topological N_T ≥ 1 model with the antisymmetric tensor matter fields. In that work they make an extension of the Donaldson-Witten N_T = 1 theory where the gauge field A_μ is now coupled to the anti-selfdual component of the tensor matter. They also obtained the super-BF N_T = 1 model and the N_T = 2 topological B-model.

The purpose of this paper is to study the possibility of giving mass to antisymmetric tensor matter field through a topological mechanism. This mechanism is similar to that one proposed by Allen, Bowick and Lahiri [8] making use of the topological BF term. The main difference is that in our mechanism we use a topological and a non-topological term with no gauge fields.

(^∗) E-mail: renan@fisica.ufc.br

© EDP Sciences

Let us begin introducing notations and conventions that will be used through this paper. We use the metric g_{μν} = diag(+, −, −, −), and the completely antisymmetric tensor ε_{μνρσ} is defined using ε_{0123} = 1. In Minkowski space-time, the antisymmetric tensor matter field T_{μν} is a real component of a complex second rank tensor φ_{μν} which obeys the complex self-dual condition [13] namely, i ~φ_{μν} = φ_{μν} , φ_{μν} = T_{μν} + i ~T_{μν} , (1) where ~φ_{μν} = 1 2 ε_{μνρσ}φ^{ρσ} . (2) Let us emphasize here that a massive term with U (1) symmetry for φ_{μν} is forbidden due to the complex self-dual condition, φ^∗_{μν} φ^{μν} = T_{μν} T^{μν} + ~T_{μν} ~T^{μν} = T_{μν} T^{μν} − T_{ρσ} T^{ρσ} = 0, (3) where we used the fact that in the Minkowski space-time ε_{μνρσ} ε^{μναβ} = −δ^{αβ}_{ρσ} , with δ^{αβ}_{ρσ} = δ^α_ρ δ^β_σ − δ^α_σ δ^β_ρ .

Since the complex self-dual condition makes the tensor φ_{μν} massless, our aim is to construct a generating mass mechanism to the tensor matter field that preserves the U (1) symmetry of the model.

We start with the following action S = ∫ d^4x [ − (D_μB_σ )^∗ (D^μB^σ ) − (D_μφ^{μν} )^∗ (D^σφ_{σν} ) ]

+m ∫ d^4x [ B^{σ∗}D^μφ_{μσ} + B^σ (D^μφ_{μσ} )^∗ ] , (4)

where m is a mass parameter, D_μ represents the usual minimal covariant derivative, D_μ = ∂_μ − iA_μ, and B_μ is a complex vector field

B_μ = B^{(1)}_μ + iB^{(2)}_μ . (5)

Clearly this action has an U (1) local symmetry δB_μ = iαB_μ, (6) δφ_{μν} = iαφ_{μν} , (7) δA_μ = ∂_μα. (8)

Writing the action (4) in terms of component fields, we have S ≈ ∫ d^4x ( −∂_μB^{(1)}_σ ∂^μB^{(1)σ} − ∂_μB^{(2)}_σ ∂^μB^{(2)σ} ) + J^{(1)}_σ B^{(1)σ} + J^{(2)}_σ B^{(2)σ} + ∫ d^4x ( 1 2 ∂_σ T_{μν} ∂^σT^{μν} − 2∂^μT_{μν} ∂_σ T^{σν} ) + 1 2 J_{μν} T^{μν} +2m ∫ d^4x ( B^{(1)σ}∂^μT_{μσ} + B^{(2)σ} ∂^μ ~T_{μσ} ) , (9)

where we are considering only the bi-linear terms and terms involving external sources. It is worth to mention that the last term is topological and it is linked to the mass parameter.

L. Gonzaga Filho, M. S. Cunha and R. R. Landim: Topological mass generation to antisymmetric tensor matter field3

The equations of motion for the fields T_{μν} and B_μ can be easily calculated by minimal action principle, producing the equations below

∂^2B^{(1)σ} + m∂_μT^{μσ} + 1 2 J^{(1)σ} = 0

∂^2B^{(2)σ} + m∂_μ ~T^{μσ} + 1 2 J^{(2)σ} = 0 (10)

∂^2T^{ρσ} (x) − 2δ^{ρσ}_{μν} ∂^μ∂_λT^{λν} (x) + mδ^{ρσ}_{μν} ∂^μB^{ν(1)}(x) + mε^{ρσμλ} ∂_μB^{(2)}_λ (x) − 1 2 J^{ρσ}(x) = 0.

In Feynman propagators calculation, we will use the generating functional of the connected Green’s functions W , with the following Legendre transformation

W [T_{μν} , B^{(i)}_μ ] = Γ[J_{μν}, J^{(i)}_μ ] − 1 2 ∫ dx^{′4}J_{μν} (x^′)T^{μν} (x^′) − ∫ dx^{′4}J^{(i)}_μ (x^′)B^{μ(i)}(x^′). (11)

where the vacuum-to-vacuum transition amplitudes are defined by ⟨T_{μν} (x) T_{ρσ} (y)⟩ = −i δ^2Γ δJ_{μν} (x)δJ_{ρσ} (y) | | |_{J=0} ⟨ B^{(i)}_μ (x) T_{ρσ}(y) ⟩ = −i δ^2Γ δJ_μ(x)δJ_{ρσ} (y) | | |_{J=0} .

So, back to equations of motion (10), we obtain three expressions to vacuum-to-vacuum transition amplitude for B_μ and T_{μν} tensor matter fields, that represents the causal propagator in two distinct point in space-time, viz, the two-point Green’s function ⟨ ∂^2B^{(1)σ} (x) T_{αβ} (y) ⟩ + m ⟨∂_μT^{μσ} (x) T_{αβ} (y)⟩ = 0, (12) ⟨ ∂^2B^{(2)σ} (x) T_{αβ} (y) ⟩ + m ⟨ ∂_μ ~T^{μσ} (x) T_{αβ} (y) ⟩ = 0 (13) 2 ⟨ ∂^2T^{ρσ} (x) T_{αβ} (y) ⟩ − 4δ^{ρσ}_{μν} ⟨ ∂^μ∂_λT^{λν}(x)T_{αβ} (y) ⟩ + 2mδ^{ρσ}_{μν} ⟨ ∂^μB^{(1)ν} (x) T_{αβ} (y) ⟩

+ 2m ε^{ρσμλ} ⟨ ∂_μB^{(2)}_λ (x) T_{αβ} (y) ⟩ + i δ^{ρσ}_{αβ} δ^4 (x − y) = 0. (14)

We must remember that our aim consists in determining the propagator for the matter field T_{μν} . To do this we can work with the above expressions eliminating the fields B^{(1)}_μ and B^{(2)}_μ . Doing so, we have

∂^2(∂^2 + m^2) ⟨T^{ρσ} (x) T_{αβ} (y)⟩ = i δ^{ρσ}_{μν} δ^{λν}_{αβ} ∂^μ∂_λδ^4 (x − y) − i 2 ∂^2δ^{ρσ}_{αβ}δ^4 (x − y) . (15)

Using the Fourier representation for the Dirac delta function and Feynman propagator’s,

δ^4 (x − y) = 1 (4π)^4 ∫ d^4k e^{ik(x−y)}, ⟨T^{ρσ} (x) T_{αβ} (y)⟩ = 1 (4π)^4 ∫ d^4k G^{ρσ}_{αβ} (k) e^{ik(x−y)}, we obtain the following expression for Green’s function G^{ρσ}_{αβ} (k) = i (k^2 − m^2)

Π^{ρσ}_{αβ} (k) , (16) with Π^{ρσ}_{αβ} (k) = 1 2 δ^{ρσ}_{αβ} − 1 k^2 δ^{ρσ}_{μν} δ^{λν}_{αβ}k^μk_λ. It is worth to observe that the causal propagator for the antisymmetric tensor matter field has a massive pole due to the topological mass, which comes from the coupling between T_{μν} and the vector field B_μ. We can compare this result with the one obtained in Avdeev and Chizhov work. There, we can see only one massless pole propagator for the field T_{μν} [11].

Now let us construct a more general bilinear action in the fields B_μ and T_{μν} . To do this, let us introduce a new kinetic term, namely, a (D_μB^μ)^∗ (D_σ B^σ ), with a representing a real constant to be determined, and a mass term for B_μ fields. We will see how these additional terms can affect causal propagator for the matter field T_{μν} . Thus, we have a new action S, S = ∫ d^4x [ − (D_μB_σ )^∗ (D^μB^σ ) + a (D_μB^μ)^∗ (D_σB^σ ) − (D_μφ^{μν} )^∗ (D^σ φ_{σν} ) ]

+ ∫ d^4x [ m ( B^{ν∗}D^μφ_{μν} + B^ν (D^μφ_{μν} )^∗ ) + μ^2B^∗_σ B^σ ] . (17)

Writing it in components again and considering only the bi-linear and source terms, we obtain the following equations of motion

∂^2B^{(1)σ} − a∂_μ∂^σ B^{(1)μ} + μ^2B^{(1)σ} + m∂_μT^{μσ} + 1 2 J^{(1)σ} = 0,

∂^2B^{(2)}_σ − a∂_μ∂^σB^{(2)μ} + μ^2B^{(2)μ} + m∂_μ ~T^{μσ} + 1 2 J^{(2)σ} = 0, (18)

∂^2T^{ρσ} (x) − 2δ^{ρσ}_{μν} ∂^μ∂_λT^{λν} (x) + mδ^{ρσ}_{μν} ∂^μB^{ν(1)}(x) + mε^{ρσμλ} ∂_μB^{(2)}_λ (x) − 1 2 J^{ρσ}(x) = 0.

Let us observe that the first and second equations above have acquired two new terms compared with equations (10). However, the last equation remains the same. From the equations above we obtain the following expressions for the vacuum-to-vacuum transition amplitudes:

⟨T_{μν} (x)T^{ρσ} (y)⟩ = 1 (2π)^4 ∫ G^{ρσ}_{μν}(k)e^{ik(x−y)}d^4k, ⟨ B^{(1)}_μ (x)B^{(1)}ν(y) ⟩ = ⟨ B^{(2)}_μ (x)B^{(2)ν} (y) ⟩ = 1 (2π)^4 ∫ G^ν_μ(k)e^{ik(x−y)}d^4k, ⟨ B^{(1)}_μ (x)B^{(2)}ν(y) ⟩ = 1 (2π)^4 ∫ G^{(12)ν}_μ (k)e^{ik(x−y)}d^4k, (19) ⟨ B^{(1)}_μ (x)T^{ρσ}(y) ⟩ = 1 (2π)^4 ∫ Γ^{(1)ρσ}_μ (k)e^{ik(x−y)}d^4k, ⟨ B^{(2)}_μ (x)T^{ρσ}(y) ⟩ = 1 (2π)^4 ∫ Γ^{(2)ρσ}_μ (k)e^{ik(x−y)}d^4k, with G^{ρσ}_{μν}(k) = i(k^2 − μ^2) k^2(k^2 − μ^2 − m^2) Π^{ρσ}_{μν}(k), G^ν_μ(k) = im^2k_σk^ρδ^{σν}_{ρμ} 2k^2(k^2 − μ^2 − m^2)(k^2 − μ^2) + iak_μk^ν 2((1 − a)k^2 − μ^2) − iδ^ν_μ 2(k^2 − μ^2)

L. Gonzaga Filho, M. S. Cunha and R. R. Landim: Topological mass generation to antisymmetric tensor matter field5

G^{(12)ν}_μ = im^2k_σk^ρδ^{σν}_{ρμ} 2k^2(k^2 − μ^2 − m^2)(k^2 − μ^2)

(20)

Γ^{(1)ρσ}_μ (k) = −mk^ν δ^{ρσ}_{μν} 2k^2(k^2 − m^2 − μ^2) , Γ^{(2)ρσ}_μ (k) = mk^ν ϵ^{ρσ}_{μν} 2k^2(k^2 − m^2 − μ^2) . We obtain an interesting result: the presence of the term a (D_μB^μ)^∗ (D_σ B^σ ), affects only the amplitude G^ν_μ(k). The tensor matter field propagator’s has a massive pole which does not depend on the parameter a.

In conclusion, we propose a mechanism to generate mass to antisymmetric tensor matter field which preserves U (1) symmetry. In this mechanism a topological term is introduced via a complex vector field and the complex self-dual condition. Whereas this condition makes the tensor massless, the coupling with the vector field gives a massive pole to the tensor propagator.

We wish to thank Marcio A. M. Gomes for reading the manuscript. Conselho Nacional de Desenvolvimento Científico e tecnológico-CNPq is gratefully acknowledged for financial support.

REFERENCES

[1] V. I. Ogievetsky and I. V. Polubarinov, Yad. Fiz. 4 (1968) 210;

S. Deser, Phys. Rev. 178 (69) 1931.

J. Kalb and P. Ramond, Phys. Rev. D9 (1974) 2273. Y. Nambu, Phys. Reports 23 (76) 250.

[2] A. S. Schwarz, Baku Intern. Topological Conf. Abstracts, Vol. 2, (1987) 345; [3] U. Kalb and P. Ramond, Phys. Rev. D 9 (1974) 2273; E. Cremmerand J. Scherk, Nucl. Phys.

B 72 (1974) 117;

[4] A. Smailagic and E. Spalucci, Phys. Rev. D 61 (2000) 067701. [5] A. Smailagic and E. Spalucci, Phys. Lett. B 489 (2000) 435. [6] E. Harikumar and M. Sivakumar, Phys. Rev. D 57 (1998) 3794.

[7] R. Menezes, J. R. S. Nascimento, R. F. Ribeiro, C. Wotzasek, Phys. Lett. B 564 (2003) 261. [8] T.J. Allen, M.J. Bowick, A. Lahiri, Mod. Phy. Lett. A 6 (1991) 559; [9] I. Oda and S. Yahikozawa, Phys. Lett. B234 (1990) 69. [10] R. R. Landim and C. A. S. Almeida, Phys. Lett. B 504 (2001) 147. [11] L. V. Avdeev, M. V. Chizhov, Phys. Lett. B. 321 (1994) 212; [12] Vitor Lemes, Ricardo Renan and S. P. Sorella, Phys. Lett. B 344 (1995) 158. [13] Victor Lemes, Ricardo Renan, S. P. Sorella, Phys. Lett. B 352 (1995) 37. [14] B. Geyer and D. Mülsch, Phys. Lett. B 535 (2002) 349.

29 (1990) 257;