arXiv:0911.4620v1 [hep-th] 24 Nov 2009

Generalized BIons in M-theory

Chethan KRISHNAN

SISSA, Via Beirut 2-4, I-34014, Trieste, Italy

krishnan@sissa.it

Abstract

In string theory, stacks of D1-branes can expand into intersecting D3-branes. These configurations are called (generalized) BIons. We show how the analogous constructions in M-theory, where M2-branes blow up into calibrated intersections of M5- branes, arise from some of the membrane theories.

BIons [1, 2] are solutions of the BPS equations in the worldvolume theory of D1-branes, which correswpond to D1s expanding into D3s, or more generally, into intersecting configurations of D3s. In this note, we wish to see the emergence of analogous configurations in M-theory, where M2s expand into M5s. We will mostly work in the context of the membrane theory constructed by Bagger, Lambert and Gustavsson [3]. We are interested in BPS solutions of this theory which can be interpreted as fuzzy funnels of M-theory, known from the work of [4]. To work up to it, we will first start with general arguments about the supersymmetries preserved by stacks of M2-branes^1[5].

In the case of D-branes, the worldvolume theory is described by the transverse scalars, X^I , where X^I are elevated to matrices. So for the case of M2’s, we can start by trying to write a theory for X^I_a where I = (3, ..., 10) are the transverse directions and a is a (multi-)index. From balancing various indices on either side, one can see that the most general (linear) way in which the 16 unbroken SUSY’s can act is as δX^I_a = iϵ̄ Γ^I Ψ_a, with ϵ = Γ_{012}ϵ. If we assume canonical kinetic terms for the spinors and the scalars, in 2 + 1 dimensions, we have [X] =^1_2 and [Ψ_a] = 1, as the scaling dimensions of the fields. With a bit of trial and error, it is easy to convince oneself that this means that the most general (without adding extra fields) SUSY variation that one can write down consistent with balancing spinor indices, internal indices and dimensions on either side is δΨ_a = ∂_μX^I_a Γ^{μI} ϵ + c X^I_b X^J_c X^K_d f^{bcd}_aΓ^{IJK} ϵ where c is a parameter and the f^{bcd}_a are “structure constants”. The crucial observation of Bagger, Lambert and Gustavsson was to note that to close such a SUSY variation, one needs to covariantize the derivative ∂_μX^I_a in the above expression by introducing a gauge field. The rest follows more or less automatically upon demanding closure of SUSY on shell: (1) The parameter c gets fixed to −^1_6 , (2) The structure constants f^{bcd}_a are to satisfy the so-called fundamental identity: f^{[abc}gf^{e]fg}_d = 0, (3) The equations of motion of the various fields are fixed.

The EOMs arising from the closure of the algebra can be obtained from an action. This is the BLG action (we will not write it down in full glory). But to construct

1Due to space limitations, our citation list is minimal, the reader should consult [6] for references to original work. Membrane theories went through a revolution in the last months; references to more recent work can be found in, e.g., [7]. Further aspects of fuzzy funnels in the context of ABJM theory [10] have been considered in [11].

that action, we need to assume two crucial things: (1) The existence of a trace form h^{ab} which can be used to raise indices so that we can construct scalars, (2) f^{abcd} ≡ h^{de}f^{abc}_e is fully antisymmetric in all indices. Unfortunately, if one restricts to positive definite h^{ab}, the only solutions to these restrictions is given by f^{abcd} = ϵ^{abcd}. This choice is what corresponds to the original BLG theory.

To see BPS funnels in this theory, we will write down the scalar part of the BLG action: L_B = −^1_2 Tr ( ∂_μX^I , ∂^μX^I ) −^1_{12} Tr ( [X^I , X^J , X^K ], [X^I , X^J , X^K ] ) . Here X^I ≡ X^I_a T^a, [T^a, T^b, T^c] = f^{abc}_d T^d, and h^{ab} = Tr (T^a, T^b) for the “3-algebra” generators T^a. The BPS funnels arise when we set the energy functional computed from this Lagrangian to zero. This is because Q|ψ⟩ = 0 implies ⟨ψ|{Q, Q}|ψ⟩ ∼ ⟨ψ|H|ψ⟩ = 0. Splitting off a total derivative piece from the Hamiltonian, we can write (for appropriate coefficients g_{IJKL}) E =^1_2 ∫ d^2σ ( Tr ( ∂_σX^I −^{gIJKL}_{3!} [X^J , X^K, X^L]

)_2 + T ) . It is possible to write the Hamiltonian this way, if the configuration satisfies certain algebraic constraints in terms of the X’s^2. For the calibrated intersections of M5- branes that the M2s can expand into, these constraints are automatically satisfied in BLG theory [6] due to the fundamental identity. It can also be checked that the other equations of motion arising in Bagger-Lambert, which where not visible in the ad-hoc constructions, are also satisfied[6]. Therefore we can consistently read off the first piece in the expression above as the fuzzy funnel equations of Basu-Harvey and Berman-Copland. Solutions of the BPS equation can be found by solving the auxiliary algebraic equation^1_6 g_{IJKL}[A^J , A^K , A^L] = A^I , because then X^I (σ) = f(σ)A^I is a solution for f(σ) satisfying ∂_σf(σ) = f^3(σ). The fuzzy funnels found in the literature can be constructed by a suitable definition of the 3-algebra using fuzzy 3-spheres [4, 6]. Even though the structure is present, we point out that in BLG theory, the number of membranes is only two, so we need a more general theory of many membranes to have a complete picture of M-theory funnels.

One crucial ingredient in our Bogomolnyi positivity argument above is that it works only if the trace form h^{ab} is positive definite, because otherwise the energy is unbounded below. This means that attempts to generalize BLG theory by relaxing this positivity [8] do not fit into this picture. In negative trace form theories, the energy functional instead takes the form, H =^1_2 Tr ( ∂_σX^I ∂_σX^I ) − ∂_σX^I_+∂_σ X^I_− + 1 12 Tr ( X^I_+[X^J , X^K ] + ...

)_2 . The dots represent cycling the I, J, K indices. This ex-

2These constraints can also be viewed as arising from the consistency between the BPS equation and the equation of motion.

pression is written after expanding the 3-algebra expressions in terms of ordinary Lie algebras (from which the 3-algebras are constructed in these theories). In particular, the trace above is the usual trace of the Lie algebra and therefore positive definite. The negative trace of the 3-algebra gives rise to the negative sign of the ∂_σ X^I_+∂_σX^I_− term. The X^I_− is a Lagrange multiplier term enforcing the condition ∂^2_σ X^I_+ = 0. If we solve for it by X^I_+ ∼ √ λ with λ > 0, then the Hamiltonian is schematically that of a λϕ^4 theory, and is positive definite. But the structure now looks like H ∼ (∂_σ X +[X, X])^2 , which is suggestive of D2-D4 fuzzy 2-funnel intersections in Yang-Mills theory, whereas we need something like H ∼ (∂_σX + [X, X, X])^2 to get fuzzy 3-funnels that connect M2s to M5s. In particular, we need three extra dimensions. We take this as further [9] evidence that the negative trace form theories correspond merely to a rewriting of Yang-Mills theory.

Acknowledgments

I want to thank Carlo Maccaferri for the collaboration on which this contribution is based. This work was supported in part by IISN - Belgium (convention 4.4505.86).

References

[1] N. R. Constable, R. C. Myers and O. Tafjord, Phys. Rev. D 61, 106009 (2000) [arXiv:hep-th/9911136].

[2] N. R. Constable and N. D. Lambert, Phys. Rev. D 66, 065016 (2002) [arXiv:hep-th/0206243].

[3] J. Bagger and N. Lambert, Phys. Rev. D 75, 045020 (2007) [arXiv:hep-th/0611108]. J. Bagger and N. Lambert, Phys. Rev. D 77, 065008 (2008) [arXiv:0711.0955 [hep-th]]. J. Bagger and N. Lambert, JHEP 0802, 105 (2008) [arXiv:0712.3738 [hep-th]]. A. Gustavsson, arXiv:0709.1260 [hep-th].

[4] A. Basu and J. A. Harvey, Nucl. Phys. B 713, 136 (2005) [arXiv:hep-th/0412310].

D. S. Berman and N. B. Copland, Nucl. Phys. B 723, 117 (2005) [arXiv:hep-th/0504044].

[5] D. S. Berman, Phys. Rept. 456, 89 (2008) [arXiv:0710.1707 [hep-th]].

[6] C. Krishnan and C. Maccaferri, JHEP 0807, 005 (2008) [arXiv:0805.3125 [hepth]].

[7] C. Krishnan, JHEP 0809, 092 (2008) [arXiv:0807.4561 [hep-th]]. C. Krishnan and C. Maccaferri, arXiv:0810.3825 [hep-th]. C. Krishnan, C. Maccaferri and H. Singh, JHEP 0905, 114 (2009) [arXiv:0902.0290 [hep-th]].

[8] J. Gomis, G. Milanesi and J. G. Russo, JHEP 0806, 075 (2008) [arXiv:0805.1012 [hep-th]]. S. Benvenuti, D. Rodriguez-Gomez, E. Tonni and H. Verlinde, arXiv:0805.1087 [hep-th]. P. M. Ho, Y. Imamura and Y. Matsuo, JHEP 0807, 003 (2008) [arXiv:0805.1202 [hep-th]].

[9] B. Ezhuthachan, S. Mukhi and C. Papageorgakis, JHEP 0807, 041 (2008) [arXiv:0806.1639 [hep-th]].

[10] O. Aharony, O. Bergman, D. L. Jafferis and J. Maldacena, arXiv:0806.1218 [hepth].

[11] S. Terashima and F. Yagi, arXiv:0909.3101 [hep-th]. A. Gustavsson, JHEP 0911, 071 (2009) [arXiv:0909.2518 [hep-th]]. A. M. Low, arXiv:0909.1941 [hep-th]. H. Nastase and C. Papageorgakis, arXiv:0908.3263 [hep-th]. H. Singh, Phys. Rev. D 80, 066009 (2009) [arXiv:0907.2792 [hep-th]]. O. K. Kwon, P. Oh and J. Sohn, JHEP 0908, 093 (2009) [arXiv:0906.4333 [hep-th]]. C. Kim, Y. Kim, O. K. Kwon and H. Nakajima, Phys. Rev. D 80, 045013 (2009) [arXiv:0905.1759 [hep-th]]. H. Nastase, C. Papageorgakis and S. Ramgoolam, JHEP 0905, 123 (2009) [arXiv:0903.3966 [hep-th]]. S. Kawai and S. Sasaki, Phys. Rev. D 80, 025007 (2009) [arXiv:0903.3223 [hep-th]]. A. M. Low, JHEP 0904, 105 (2009) [arXiv:0903.0988 [hep-th]]. K. Lee and J. H. Park, JHEP 0904, 012 (2009) [arXiv:0902.2417 [hep-th]]. M. A. Ganjali, arXiv:0901.2642 [hep-th]. C. S. Chu and D. J. Smith, JHEP 0904, 097 (2009) [arXiv:0901.1847 [hep-th]]. M. Arai, C. Montonen and S. Sasaki, JHEP 0903, 119 (2009) [arXiv:0812.4437 [hep-th]]. M. A. Ganjali, JHEP 0903, 064 (2009) [arXiv:0811.2976 [hep-th]]. M. M. Sheikh- Jabbari, JHEP 0812, 111 (2008) [arXiv:0810.3782 [hep-th]].