arXiv:1209.6014v1 [physics.gen-ph] 26 Sep 2012

M-Theory on Complex Spacetime by Abdul Rouf Samurah

National Institute of Technology, Srinagar, Kashmir.

Email: abdulrouf.lightspeed@yahoo.com

September 28, 2012

Abstract

In this paper we will analyse ABJM theory in N = 1 superspace formalism on complex spacetime. We will then analyse the BRST and anti-BRST symmetries for this theory. We will show that the sum of gauge fixing and ghost terms for this theory can be expressed as a combination of the total BRST or the total anti-BRST variations.

1 Introduction

Gauge symmetry plays an important role in nature [2]-[10]. It is also important in understanding multiple M2 branes [11]-[23], and multiple M5 branes [24]-[25]. Gauge symmetry can be anaysed either via the Wheeler-DeWitt approach [55]- [56] or the BRST approach [32]-[42]. Recently interest in complex spacetime has been generated due to certain developments in the string theory [43]-[52]. Complex spacetime has been studied as a model for non-symmetric gravity formalism [47, 48]. Nonanticommutative field theories and nonanticommutative quantum gravity have been formulated on this complex spacetime [53]-[54].

The action for M-theory at low energies is a superconformal action with with manifest N = 8 supersymmetry. This action was discovered by Bagger and Lambert and was based on gauge symmetries generated by a Lie 3-algebra [55]-[59]. However, only one example of such a such 3-algebra is known and so far the rank of the gauge group has not been increased. So, a U(N)_k × U(N)_{−k} superconformal Chern-Simons-matter theory with level k and −k with arbitrary rank and N = 6 supersymmetry was also constructed [61]. This theory called the ABJM theory. It is also thought to describe the the action of M-theory as it reduced to the Bagger-Lambert theory for the only known example of Lie 3-algebra. Its supersymmetry can also get enhanced to N = 8 supersymmetry [60]. Furthermore, a SO(8) R-symmetry at Chern-Simons levels k = 1, 2 also exists for this model.

BRST and anti-BRST symmetries for the ABJM theory has been studied [12, 18]. This symmetry for the in deformed superspace. In this paper we will study the BRST and anti-BRST symmetries for the ABJM theory on deformed complex spacetime. It will be demonstrated that on complex spacetime, just like in the the deformed superspace, the sum of the gauge fixing and ghost terms can be expressed as a total BRST and anti-BRST variation.

2 Deformation of ABJM Theory

In this section we will deform the superspace of ABJM theory on complex spacetime. We will now impose the following non-anticommutativity relation [54] {x^μ, x^ν } = 2x^μx^ν + iτ^{μν} , (1) where τ^{μν} = τ^{νμ}. This leads to the following star product X(x, θ)♦Y (x, θ) = exp [ i 2 τ^{μν} ∂^1_μ∂^2_ν ] X(x_1, θ)Y (x_2, θ)_{x1=x2=x}. (2)

It is also useful to define the following bracket 2[X, Z]_♦ = X♦Z ± Z♦X, (3) where the relative sign is negative unless both the fields are fermionic. The super-derivative D_a is defined by D_a = ∂_a + (γ^μ∂_μ)^b_aθ_b, (4)

Now we define the spinor superfieds Γ_a and Γ̃_a as

Γ_a = χ_a + Bθ_a + 1 2 (γ^μ)_aA_μ + iθ^2 [ λ_a − 1 2 (γ^μ∂_μχ)_a ] , Γ̃_a = χ̃_a + B̃θ_a + 1 2 (γ^μ)_aÃ_μ + iθ^2 [ λ̃_a − 1 2 (γ^μ∂_μχ̃)_a ] . (5)

We also define scalar superfieds X^I and X^{I†}, with

∇^a_{(X)}♦X^I = D_aX^I + iΓ_a♦X^I − iΓ̃_a♦X^I , ∇^a_{(X)}♦X^{I†} = D_aX^{I†} − iΓ_a♦X^{I†} + iΓ̃_a♦X^{I†}, (6)

Now we the ABJM theory given by

L_c = L_M + L_{CS} − L̃_{CS} , (7) where L_{CS} = k 2π ∫ d^2 θ T r[Γ^a♦ω_a]_|, L̃_{CS} = k 2π ∫ d^2 θ T r[Γ̃^a♦ω̃_a]_|, (8) and ω_a = 1 2 D^bD_aΓ_b − i[Γ^b, D_bΓ_a]_♦ − 1 3 [Γ^b, [Γ_b, Γ_a]_♦]_♦

ω̃_a = 1 2 D^bD_aΓ̃_b − i[Γ̃^b, D_bΓ̃_a]_♦ − 1 3 [Γ̃^b, [Γ̃_b, Γ̃_a]_♦]_♦. (9)

Furthermore,

L_M = 1 4 ∫ d^2 θ T r [ ∇^a_{(X)}♦X^{I†}♦∇_{a(X)}♦X_I ] + 4π k V[X^{I†}, X^I ]_♦ ] | , (10)

where V[X^{I†}, X^I ]_♦ is the potential term with the product of all fields replaced by the star product.

3 BRST and anti-BRST Symmetry

Some of the degree’s of freedom in the Lagrangian are not physical. This is because of the following gauge transformations,

δ Γ_a = ∇_a♦Λ, δ Γ̃_a = ~∇_a♦Λ̃, δ X^I = i(Λ♦X^I − X^I ♦Λ̃), δ X^{I†} = i(Λ̃♦X^{I†} − X^{I†}♦Λ), (11)

here

∇_a = D_a − iΓ_a, ~∇_a = D_a − iΓ̃_a. (12)

So, we add the following gauge fixing term to the original Lagrangian density, L_{gf} = ∫ d^2 θ T r [ b♦(D^aΓ_a) + α 2 b♦b − ib̃♦(D^aΓ̃_a) + α 2 b̃♦b̃ ] | . (13)

We also add the following ghost term L_{gh} = ∫ d^2 θ T r[c♦D^a∇_a♦c − c̃♦D^a ~∇_a♦c̃]_|. (14) The total Lagrangian density obtained this way is invariant under the following BRST transformations, s Γ_a = ∇_a♦c, s Γ̃_a = ~∇_a♦c̃, s c = −[c, c]_♦, s c̃ = −b̃ − 2[c̃, c̃]_♦, s c = b, s c̃ = −[c̃, c̃]_♦, s b = 0, s b̃ = −[b̃, c̃]_♦, s X^I = i(c♦X^I − X^I ♦c̃), s X^{I†} = i(c̃♦X^{I†} − X^{I†}♦c), (15) and the following BRST transformations, s Γ_a = ∇_a♦c, s Γ̃_a = ~∇_a♦c̃, s c = −b − 2[c, c]_♦, [s, c̃]_♦ = b̃, s c = −[c, c]_♦, s c̃ = −[c̃, c̃]_♦, s b = −[b, c]_♦, s b̃ = 0, s X^I = i(c♦X^I − X^I ♦c̃), s X^{I†} = i(c̃♦X^{I†} − X^{I†}♦c̃). (16) Both these sets of transformations are nilpotent.

[s, s]_♦ = [s, s]_♦ = 0. (17)

We can now write L_{gf} + L_{gh} = − ∫ d^2 θ s T r [ c♦ ( D^aΓ_a − iα 2 b ) − c̃♦ ( D^aΓ̃_a − iα 2 b̃ )] | = ∫ d^2 θ s T r [ c♦ ( D^aΓ_a − α 2 b ) − c̃♦ ( D^aΓ̃_a − α 2 b̃ )] | . (18)

Thus, the sum of gauge fixing and ghost terms can be expressed either as a total BRST variation or as a total anti-BRST variation.

4 Conclusion

In this paper we studied the ABJM theory in N = 1 superspace formalism. We have then studied the deformation of this theory on deformed complex spacetime. We analysed the BRST and the anti-BRST symmetries for this theory. It was shown that the sum of the ghost and gauge fixing terms can be written as a total BRST or a total anti-BRST variation. It will be interesting to perform this analyses with non-linear BRST and anti-BRST transformations. It is known that for ABJM theory on a deformed superspace, in Landau and Nonlinear gauges, the sum of the gauge fixing and ghost terms can be expressed as a combination of both BRST and anti-BRST transformations. It will be interesting to derive a similar result for the ABJM theory on complex spacetime.

References

[1] G. Altarelli, R. Barbieri and F. Caravaglios, Int. J. Mod. Phys. A13, 1031 (1998) [2] M. Faizal and A. Higuchi, arXiv:1107.0395 - to appear in Phys. Rev. D [3] Ning Wu, Commun. Theor. Phys. 49, 1533 (2008) [4] M. Faizal and A. Higuchi, Phys. Rev. D 78, 067502 (2008) [5] D. Benedetti and S. Speziale, JHEP. 1106, 107 (2011) [6] M. Faizal, arXiv:1108.2853 [7] R. B. Mann and M. B. Young, Class. Quant. Grav. 24, 951 (2007) [8] M. Faizal, Found. Phys. 41, 270 (2011) [9] R. Akhoury, R. Saotome and G. Sterman, Phys. Rev. D84, 104040 (2011) [10] M. Faizal, Class. Quant. Grav. 29, 035007 (2012) [11] M. Faizal, Phys. Rev. D 84, 106011 (2011) [12] M. Faizal and D. J. Smith, Phys. Rev. D85, 105007 (2012) [13] M. Faizal, Mod. Phys. Lett. A27, 1250147 (2012) [14] M. Faizal, arXiv:1207.6564 [15] A. Gustavsson, arXiv:1203.5883 [16] M. Faizal, Comm. Theor. Phys. 57, 637 (2012) [17] M. S. Bianchi, M. Leoni and S. Penati, arXiv:1112.3649 [18] M. Faizal, Europhys. Lett. 98, 31003 (2012) [19] M. Marino and P. Putrov, arXiv:1110.4066 [20] K. Okuyama, arXiv:1110.3555

[21] M. Faizal, JHEP. 1204, 017 (2012) [22] A. Belhaj, arXiv:1107.2295 [23] W. H. Huang, arXiv:1107.2030 [24] A. Gustavsson, JHEP. 1201 057 (2012) [25] M. Fujita, Phys. Rev. D83, 105016 (2011) [26] B. S. DeWitt, Phys. Rev. 160, 1113 (1967) [27] M. Faizal, arXiv:gr-qc/0602094 [28] M. Faizal, arXiv:1209.2346 [29] Y. Ohkuwa, Int. J. Mod. Phys. A 13, 4091 (1998) [30] M. Faizal, Mod. Phys. Lett. A 27, 1250007 (2012) [31] M. Pavsic, Phys. Lett. B 703, 614 (2011) [32] C. Becchi, A. Rouet and R. Stora, Phys. Lett. B 52, 344 (1974) [33] M. Faizal, arXiv:1209.2357 [34] C. Becchi, A. Rouet and R. Stora, Ann. Phys. 98, 2, 287 (1976) [35] I.V. Tyutin, arXiv:0812.0580 - Lebedev Phys. Inst. preprint. 39 (1975) [36] T. Kugo and I. Ojima, Suppl. Progr. Theor. Phys. 66, 14 (1979) [37] E. Witten, Commun. Math. Phys. 117, 3, 353 (1988) [38] A. V. Bratchikov, Cent. Eur. J. Phys. 10, 1, 61 (2012) [39] N. Alkofer and R. Alkofer, Phys.Lett. B 702, 158 (2011) [40] A. A. Varshovi, arXiv:1011.1095 [41] M. Faizal and M. Khan, Eur. Phys. J. C 71, 1603 (2011) [42] C. Becchi, A. Rouet and R. Stora, Commun. Math. Phys. 42, 127 (1975) [43] M. Faizal, Phys. Lett. B 705, 120 (2011) [44] J. W. Moffat, Phys. Lett. B 506, 193 (2001) [45] J. W. Moffat, Phys. Lett. B 491, 345 (2000) [46] M. Faizal, Mod. Phys. Lett. A27, 1250075 (2012) [47] J. Moffat, Proc. Camb. Phil. Soc. 52, 623 (1956) [48] J. Moffat, Proc. Camb. Phil. Soc. 53, 473 (1957) [49] A. H. Chamseddine, Int. J. Mod. Phys. A16, 759 (2001) [50] T. Damour, S. Deser and J. McCarthy, Phys. Rev. D47, 1541 (1993)

[51] F. Loran and H. Soltanpanahi, Adv. Theor. Math. Phys. 13, 637 (2009) [52] A. H. Chamseddine, Commun. Math. Phys. 218, 283 (2001) [53] J. Moffat, Phys. Lett. B506, 193 (2001) [54] J. Moffat, Phys. Lett. B491, 345 (2000) [55] A. Gustavsson, JHEP. 0804, 083 (2008) [56] J. Bagger and N. Lambert, JHEP. 0802, 105 (2008) [57] J. Bagger and N. Lambert, Phys. Rev. D77, 065008 (2008) [58] M. A. Bandres, A. E. Lipstein and J. H. Schwarz, JHEP. 0809, 027 (2008) [59] E. Antonyan, A. A. Tseytlin, Phys. Rev. D79, 046002 (2009) [60] O. Aharony, O. Bergman, D. L. Jafferis and J. Maldacena, JHEP. 0810, 091 (2008) [61] O-Kab Kwon, P. Oh and J. Sohn, JHEP. 0908, 093 (2009)