arXiv:hep-th/0210193 v1 21 Oct 2002

String bits and the Myers effect

Pedro J. Silva

Physics Department, Syracuse University, Syracuse, New York 13244

Abstract. Based on the non-abelian effective action for D1-branes, a new action for matrix string theory in non-trivial backgrounds is proposed. Once the background fields are included, new interactions bring the possibility of non-commutative solutions i.e. The Myers effect for “string bits” . MATRIX STRINGS

Matrix string theory [1, 2, 3] is one of the most interesting outcomes of the different dualities in M-theory. Perhaps a simple way to define it is by looking at Matrix theory [4] with an extra compactified dimension. For example, following Dijkgraaf et. al. [1], if we consider M-theory on a torus of radii A and B, by first reducing on A and then making an infinite boost on B we get type IIA string theory on the discrete light cone (DLC) with D0-brane particles. If, on the other hand, we reduce on B first, boost and then consider t-duality on A, we get (1+1) super Yang-Mills (SYM) theory with fundamental string charge on the world-volume i.e. the low energy theory of D1-branes. One finds therefore, that Matrix string theory is a non-perturbative definition of string theory built in terms of a two dimensional SYM theory and a collection of scalar fields in the adjoint representation of the gauge group (see the original papers for an extended discussion of this derivation). Although we have discussed only type IIA string theory, there are other constructions similar to the one sketched before, where the other four superstring theories are written in terms of two dimensional SYM theory^1.

The Matrix string theory conjecture was originally formulated on flat backgrounds. Lately, using some techniques developed by Taylor and Raamsdonk [5] a generalization for closed strings on non-trivial weak backgrounds has appeared [6]. This talk is based on the paper [7], a further generalization of the original Matrix string theory to nontrivial weak backgrounds based on the non-abelian D1-brane action proposed by Myers.

In [6, 7], the possibility of non-abelian configurations of fundamental strings was pointed out. In particular, the appearance of a Myers-like effect was computed explicitly (By now the Myers effect [8] is a well known phenomenon where N D-branes adopt a non-abelian configuration that can be understood as a higher dimensional abelian Dbrane). These configurations come about as the result of new interaction terms that appear in the non-abelian effective actions.

1 Actually for the cases of type IIB and type I string theory there is an additional construction in terms of a three dimensional theory [3]

The appearance of strings describing D-branes is not new. There are computations of Dp-branes collapsing into fundamental strings [9] and fundamental strings blowing up into Dp-branes [10], always in terms of the abelian Born-Infeld actions of the corresponding D-branes. What is new in the matrix string formulation is that we have a formalism in which a two-dimensional action naturally includes matrix degrees of freedom representing the “string bits”^2, which also incorporate the description of higher dimensional objects of M-theory using non-commutative configurations.

One of the important properties of this new theoretical framework lies in the similarity of the mathematical language used to describe the fundamental objects of M-theory, bringing for first time the possibility of describing strings and D-branes in a unified framework, a “democracy of p-branes” [12].

MATRIX STRING AND NON-ABELIAN D1-BRANES

In the previous section we talked about a theoretical framework that describes fundamental strings in terms of matrix degrees of freedom. For example, in type IIA this action is a two dimensional supersymmetric gauge theory that contains DLC string theory and has extra degrees of freedom representing non-perturbative objects of string theory. Also, it is a second quantized theory as it is built from many strings.

We know that by means of different dualities the five superstring theories are described in the neighborhood of a 1+1 dimensional orbifold conformal field theory. In this language the strings are free in the conformal field theory limit, representing DLC string theory. The interactions between the strings are turned on by operators describing the splitting and joining of fundamental strings. These operators deform the theory away from the conformal fixed point.

To further clarify these ideas, let us follow a sketch of the derivation for the case of type IIA string theory. Consider type IIA strings in the DLC frame with string mass m_A, string coupling g_A and a null compact direction of radius R_A (where we identify the null coordinate as x^− ≈ x^− + R_A).

Using the relation between the null compactification and a space-like compactification a la Seiberg-Sen [13], we get type IIA string theory on a space-like circle of radius R in the sector with momentum N, string mass m and string coupling g. The relation between these two heterotic string theories is given by

m^2R = m^2_AR_A , g = g_A , R → 0. (1)

Next, we perform a t-duality transformation on R, so that the new constants of the string theory (m^′, g^′, R^′) are given by

m^′ = m , g^′ = g mR , R^′ = 1 m^2R

. (2)

2 The idea is that the string can be seen as a chain of partonic degrees of freedom [11]

Finally, we perform a s-duality transformation to obtain type IIB string theory with N D1-strings and constants (m_b, g_b, R_b) given by the following expressions,

m_b = m^′ g^{′1/2}

, g_b = 1 g^′

, R_b = R^′. (3)

In terms of the initial type IIA theory and R we get

m_b = [ m^6_AR^3_A g^2_AR ]_{1/4} → ∞,

g_b = [ m^2_AR_AR g^2_A ]_{1/2} → 0, R_b = 1 m^2_AR

. (4)

Therefore, we get the low energy theory of N D1-branes at weak coupling, where the gauge coupling constant g_{YM} is given by,

g_{Y M} ∝ m^2_AR_A/g_A. (5)

This is the 1+1 dimensional SYM theory with eight scalars in the adjoint representation of the gauge group. This effective action is obtained by the dimensional reduction of N = 1 supersymmetry Yang-Mills theory in ten dimensions down to two dimensions.

To define the type IIB case, a possible route to take is to start with type IIB strings in the DLC frame, then perform a t-duality transformation on the null circle taking us to type IIA in the DLC. This is similar to the previous situation with the difference that winding modes are exchanged for momentum modes. The relation between the corresponding meaningful constants is,

m_b = [ m^2_B g^2_BR_BR ]_{1/4} → ∞,

g_b = [ m^2_BR_BR g^2_B ]_{1/2} → 0, R_b = R_B, (6)

where (m_B, g_B, R_B) are the initial type IIB string parameters and (m_b, g_b, R_b) are the final (also type IIB) string theory parameters. Again, we get a low energy weakly coupled string theory with N D1-branes. The gauge coupling constant g_{Y M} is given by

g_{Y M} = m_B/g_B. (7)

The heterotic case is similar but some care has to be taken with the inclusion of Wilson lines [14]. On the other hand, type I theory is more subtle and is related to the low energy limit of type IA theory in the presence of D8-branes and D0-branes plus winding modes on the orbifold. Therefore it is a quantum mechanics system but with an infinite tower of winding modes.

In order to obtain the relevant action for one of the five matrix string theories, we start with the world-volume gauge theory of N D1-branes, and then go back along the chain of dualities until we reach the desired DLC string theory. For example, consider first an s-duality transformation on the D1-brane effective action, then a t-duality transformation and finally the boost relations of Seiberg-Sen. As a result we get type IIA matrix string theory. This can be written as

L^{IIA}_F ≡ B ∘ T ∘ S [L_{D1}]. (8)

Other matrix string theories Lagrangians can be obtained by similar procedures. For example, L^{IIB}_F ≡ T ∘ B ∘ T ∘ S [L_{D1}].

As we mentioned in the introduction, there are generalizations of the matrix string action which include weak backgrounds. This time the calculations are based on the relation between matrix string and the matrix theory proposal. In particular, previous works of Taylor and Van Raamsdonk [5] are used to support these results. One of the positive outcomes of the above work is a proposal for the transformation of the D1- brane world-volume fields under s-duality. Thus, based on these different proposals we are able to actually construct the matrix actions using maps like the one in equation (8).

It is important to note that recently Myers wrote a non-abelian action of N Dpbranes in general backgrounds [8] which is fully covariant under t-duality. This action incorporates (in the limit of weak backgrounds), all the couplings derived previously by Taylor et. al. and also introduces some new ones. If we believe this effective action for the D1-branes, we are forced to conjecture that:

Matrix string theory is defined by Myers D1-brane world-volume action plus the web of dualities needed.

Note that since the non-abelian D1-brane action proposed by Myers does not capture the full physics of the infrared limit, we can only trust its expansion up to sixth-order in the field strength [15], and this problems is inherited by the above conjecture for the matrix theory action. Another technical problem comes from the chain of dualities, since it makes it difficult to give an explicit closed form for the final Lagrangian. In particular, the t-duality map mixes RR fields and NS fields. Nevertheless, we only have to use the Buscher rules [16] on the supergravity background fields as t-duality (once we have sdualized), leaves the world-volume fields invariant. At last the action of Myers only tells us about the bosonic degrees of freedom, therefore the fermionic counterpart has to be calculated using supersymmetry.

For example, let us consider the type IIA case. Following equation (8), the action for the Matrix string is given in two parts, the first corresponding to the original Born-Infeld term of the D1-brane action,

S^1_{F1} = 1 λ ∫ dξ^2Str {√ −det(P[ ~E + ~E( ~Q^{−1} − δ ) ~E] + λ e^{~ϕ} ~gF)det( ~Q) } (9) where

~E_{AB} = ~G_{AB} − e^{~ϕ} ~C^{(2)}_{AB} ,

~Q^i_j = δ^i_j + iλ [Φ^i, Φ^k] ~E_{k j}(~ge^{~ϕ} )^{−1}, (10)

and the tilde represents the t-dual transformation of the background fields. For example the form of ~C_{AB} is

~C_{AB} = ( C_{αβ y} + 2C_{[α}B_{β ]y} − 2C_yB_{y[α} G_{β ]y} C_α −C_yG_{αy}/G_{yy} −C_β +C_yG_{β y}/G_{yy} 0 ) , (11)

where the space-time index A has been divided into the t-dualized direction y and the other directions α.

The second part, corresponding to the original Chern-Simons term of the D1-brane action is

S^2_{F1} = 1 λ ∫ dξ^2STr { P [ e^{i~g−1λ iΦiΦ} [(− ~B + ~C^{(4)})e^{− ~C(2)} ] ] e^{λ ~gF} } . (12)

This action contains the action of the matrix string theory of Dijkgraaf et. al. [1], since by construction in trivial backgrounds the D1-brane action of Myers gives the 1+1 SYM theory corresponding the dimensional reduction on N=1 SYM in ten dimensions down to two dimensions. Hence, by taking all of the background fields to be trivial, we recover the standard form of type IIA matrix string theory,

S^1_{F1} = λ ∫ dξ^2Tr { ∂ Φ^2 2 + 1 4g^2

[Φ, Φ]^2 + g^2 4 F^2 } . (13)

Also, all of the linear couplings obtained by Schiappa [6] for the weak field case, are derivable from the action of equation (9) and (12). It has been checked that the D1-branes linear couplings found by Taylor et. al. are included in the non-abelian action of Myers and the t-duality and s-duality relations are the same as the ones used by Schiappa. Nevertheless, we have to keep in mind that there are new couplings not considered before.

Once the relevant action is obtained, we can search for non-commutative classical solutions. Given the similarity of the mathematical structure with D-brane physics, we expect to find relevant physical situations where these types of solutions appear. Nevertheless, in this framework the building blocks that make the higher dimensional objects are the “string bits” of the DLC. Remember that, the matix-value scalar in the action represent a large number of “long strings” and these are the basic objects that form the higher dimensional branes. Some examples of non-commutative configurations of strings can be found in [6, 7, 17, 18, 19].

ACKNOWLEDGMENTS

The author would like to thank the Perimeter Institute for making possible the conference MRST 2002, also Alfonso Ramallo, Cesar Gomes, Yoland Lozano, Joel Rozowsky, Simeon Hellerman and Don Marolf for useful discussions. This work was supported in part by NSF grant PHY-0098747 to Syracuse University and by funds from Syracuse University.

REFERENCES

1. R. Dijkgraaf, E. Verlinde, H. Verlinde, "Matrix String Theory", Nucl.Phys. B500 (1997) 43-61,

hep-th/9703030.

2. Tom Banks, Nathan Seiberg, "Strings from Matrices", Nucl.Phys. B497 (1997) 41-55,

hep-th/9702187.

R. Dijkgraaf, E. Verlinde, H. Verlinde, "Notes on Matrix and Micro Strings", Nucl.Phys.Proc.Suppl. 62 (1998) 348-362, hep-th/9709107.

Lubos Motl, "Proposals on nonperturbative superstring interactions", hep-th/9701025. 3. Clifford V. Johnson, "On Second-Quantized Open Superstring Theory", Nucl.Phys. B537 (1999) 144-160, hep-th/980615.

4. T. Banks, W. Fischler, S.H. Shenker and L. Susskind, "M Theory As A Matrix Model: A Conjecture , Phys.Rev. D55 (1997) 5112-5128, hep-th/9610043.

L. susskind,"Another Conjecture about M(atrix) Theory", hep-th/9704080. 5. W. Taylor, M. Van Raamsdonk, "Multiple D0-branes in Weakly Curved Backgrounds ", Nucl.Phys.

B558 (1999) 63-95, hep-th/9904095.

W. Taylor, M. Van Raamsdonk, "Multiple Dp-branes in Weak Background Fields ", Nucl.Phys. B573 (2000) 703-734, hep-th/9910052.

6. Ricardo Schiappa, "Matrix Strings in Weakly Curved Background Fields", Nucl.Phys. B608 (2001) 3-50, hep-th0005145.

7. Pedro J. Silva, "Matrix string theory and the Myers effect, JHEP 0202 (2002) 004, hep-th/0111121. 8. R.C. Myers, "Dielectric-Branes", JHEP 9912 (1999) 022, hep-th/9910053. 9. C. G. Callan Jr. and J. M. Maldacena, "Brane Dynamics From the Born-Infeld Action", Nucl.Phys.

B513 (1998) 198-212, hep-th/9708147.

G. W. Gibbons, "Born-Infeld particles and Dirichlet p-branes", Nucl.Phys. B514 (1998) 603-639,

hep-th/9709027.

10. R. Emparan, "Born-Infeld Strings Tunneling to D-branes", Phys.Lett. B423 (1998) 71-78,

hep-th/9711106.

R. Emparan, "Tubular Branes in Fluxbranes", Nucl.Phys. B610 (2001) 169-189,

hep-th/0105062.

11. C. B. Thorn, Phys.Rev.D56:6619-6628,1997, hep-th/9707048. O. Bergman and C. B. Thorn, Phys.Rev.D52:5980-5996,1995, hep-th/9506125 12. P. Townsend, PASCOS/Hopkins 1995:0271-286 , hep-th/9507048.

13. A. Sen, "D0 Branes on T^n and Matrix Theory", Adv.Theor.Math.Phys. 2 (1998) 51-59,

hep-th/9709220.

N. Seiberg, "Why is the Matrix Model Correct?", Phys.Rev.Lett. 79 (1997) 3577- 3580,hep-th/9710009.

14. Tom Banks and Lubos Motl, "Heterotic Strings from Matrices", JHEP 9712 (1997) 004, hepth/9703218. David A. Lowe, "Heterotic Matrix String Theory", Phys.Lett. B403 (1997) 243-249, hep-th/9704041 Morten Krogh, "Heterotic Matrix theory with Wilson lines on the lightlike circle", Nucl.Phys. B541 (1999) 98-108, hep-th/9803088.

15. Akikazu Hashimoto, Washington Taylor IV, "Fluctuation Spectra of Tilted and Intersecting D-branes from the Born-Infeld Action", Nucl.Phys. B503 (1997) 193-219, hep-th/9703217. P. Bain, "On the non-abelian Born-Infeld action", hep-th/9909154.

16. T.H. Buscher, "Path integral derivation of quantum duality in onlinear sigma models", Phys.Lett.B201:466,1988.

17. Iosif Bena, "The polarization of F1 strings into D2 branes: "Aut Caesar aut nihil"",hep-th/0111156. 18. Dominic Brecher, Bert Janssen, Yolanda Lozano,"Dielectric Fundamental Strings in Matrix String Theory", hep-th/0112180.

19. J. M. Camino, A. Paredes, A.V. Ramallo, "Stable Wrapped Branes", JHEP 0105 (2001) 011,

hep-th/0104082.