Received: April 14, 2000, Accepted: April 19, 2000

HYPER VERSION

The tachyon potential in open Neveu-Schwarz string field theory

Nathan Berkovits

Instituto de Física Teórica, Universidade Estadual Paulista Rua Pamplona 145, 01405-900, São Paulo, SP, Brasil E-mail: nberkovi@ift.unesp.br

Abstract: A classical action for open superstring field theory has been proposed which does not suffer from contact term problems. After generalizing this action to include the non-GSO projected states of the Neveu-Schwarz string, the pure tachyon contribution to the tachyon potential is explicitly computed. The potential has a minimum of V = −1/32g^2 which is 60% of the predicted exact minimum of V = −1/2π^2g^2 from D-brane arguments.

Keywords: Superstrings and Heterotic Strings, D-branes.

Contents

1. Introduction 1

2. Neveu-Schwarz string field theory action 2

3. Computation of tachyon potential 3

1. Introduction

The Neveu-Schwarz (NS) sector of the non-GSO projected superstring has recently been reconsidered as part of a sensible physical theory [1, 2]. Although this sector contains a tachyon, there have been proposals for removing the undesired properties of the tachyon by assuming a tachyon potential which is bounded from below.

The most efficient method for computing the tachyon potential uses open string field theory [3, 4, 5], however the cubic action of [6] for open superstring field theory contains contact term problems which spoil gauge invariance [7]. Recently, a new action for open superstring field theory has been constructed [8] which does not suffer from contact term problems. This action resembles a Wess-Zumino-Witten action and can be naturally obtained by embedding the N = 1 description of the superstring into an N = 2 string [9].

In this paper, the pure tachyon contribution to the tachyon potential will be explicitly computed using this new action. The pure tachyon contribution is

V (T ) = − 1 4g^2

T^2 + 1 2g^2

T^4 , (1.1)

which has a minimum of V (T_0) = −1/32g^2 when T_0 = ±1/2. This value of the minimum is 60% of the predicted exact minimum of V (T_0) = −1/2π^2g^2 using Dbrane arguments^1 where the mass of the brane-antibrane is 1/2π^2g^2 [4, 10]. It would be interesting to check if the remaining 40% comes from including contributions to the effective tachyon potential from non-tachyon fields, as was found for the bosonic string tachyon potential in [5].

1In the original version of this paper, the mass of the brane-antibrane was incorrectly stated to be 1/π^2g^2. This value of the mass is only correct if one doubles the number of states in the string field theory action to allow for strings which end on the brane or antibrane [10].

2. Neveu-Schwarz string field theory action

Using the superstring field theory action of [8], the GSO-projected NS contribution is given by S = 1 2g^2 Tr ⟨ ( e^{−Φ}Qe^Φ ) ( e^{−Φ}η_0e^Φ ) − − ∫_1 0 dt ( e^{−tΦ}∂_te^{tΦ} ) { e^{−tΦ}Qe^{tΦ}, e^{−tΦ}η_0e^{tΦ} } ⟩ , (2.1)

where η_0 = ∮ dzη(z) is defined by fermionizing the super-reparameterization ghosts as [11] γ = ηe^ϕ and β = ∂ξe^{−ϕ}, Q = ∮ dz [ c ( T_{matter} − η∂ξ − 1 2 ∂ϕ∂ϕ − ∂^2ϕ − b∂c ) + ηe^ϕG_{matter} − η∂ηe^{2ϕ}b ] , and ⟨ ⟩ signifies the two-dimensional correlation function in the “large” RNS Hilbert space [11] where ⟨ξc∂c∂^2ce^{−2ϕ}⟩ = 2. The normalization of (2.1) has been fixed by requiring that the quadratic Yang-Mills contribution to the action is S = −1/4g^2 Tr ∫ d^{10}xF_{mn}F^{mn}, which is the correct sign for the (− + · · · +) metric that is being used. String fields are multiplied using the midpoint interaction of [12] and Φ is related to the NS string field V of [6] by Φ = ξ_0V or V = η_0Φ.

In the GSO-projected sector, the NS string field Φ is bosonic. Since the unprojected NS states are fermionic with respect to the projected NS states, it will be convenient to define ^Φ = Φ_B × I + Φ_F × σ_1, where Φ_B described the projected states, Φ_F describes the unprojected states, I is the 2 × 2 identity matrix, and (σ_1, σ_2, σ_3) are the Pauli matrices [4]. Furthermore, it will be convenient to define

^Q ≡ Q × σ_3 , ^η_0 ≡ η_0 × σ_3 ,

which satisfy ^Q( ^Φ_1 ^Φ_2) = ( ^Q ^Φ_1) ^Φ_2 + ^Φ_1( ^Q ^Φ_2) and ^η_0( ^Φ_1 ^Φ_2) = (^η_0 ^Φ_1) ^Φ_2 + ^Φ_1(^η_0 ^Φ_2).

The complete non-GSO projected NS string field theory action is defined by S = 1 4g^2 Tr ⟨ ( e^−^^Φ ^Qe^^Φ ) ( e^−^^Φ ^η_0e^^Φ ) − − ∫_1 0 dt ( e^{−t}^^Φ∂_te^t^^Φ ) { e^{−t}^^Φ ^Qe^t^^Φ, e^{−t}^^Φ ^η_0e^t^^Φ } ⟩ , (2.2)

where the trace is over the 2 × 2 matrices as well as the Chan-Paton matrices.

One can check that (2.2) is invariant under the WZW-like gauge transformation

δe^^Φ = ( ^Q ^Ω ) e^^Φ + e^^Φ ( ^η_0 ^Ω^′ ) , (2.3)

where ^Ω and ^Ω^′ are string fields of the form ^Ω = Ω_F × σ_3 + iΩ_B × σ_2 with Ω_F being fermionic and projected while Ω_B is bosonic and unprojected. One subtle point in proving this gauge invariance is that ⟨ ^Φ_1 ^Φ_2⟩ = ⟨ ^Φ_2 ^Φ_1⟩ since when A and B are unprojected states, ⟨AB⟩ = ∓⟨BA⟩ where the minus sign is if they are bosons and the plus sign is if they are fermions. This reversal of the usual statistics comes from square-root factors produced by the 1/2-integer conformal weight of unprojected NS states. Note that a similar subtlety occurs with unprojected states using the action of [6].

3. Computation of tachyon potential

Expanding the action of (2.2) in powers of ^Φ, one obtains S = 1 2g^2 Tr ⟨ 1 2 ( ^Q ^Φ ) ( ^η_0 ^Φ ) − 1 6 ^Φ { ^Q ^Φ, ^η_0 ^Φ } − − 1 24 [ ^Φ, ^Q ^Φ ] [ ^Φ, ^η_0 ^Φ ] + · · · ⟩ . (3.1)

To compute the term with N ^Φ’s, one uses the map w(z) = ( 1 − iz 1 + iz )_{2/N}

from the disc to a 2π/N wedge of the complex plane. Rotating this map by a factor e^{2πi/N} allows each successive string field to get mapped to a different 2π/N wedge. The center of the J-th disc gets mapped to the point e^{2πi(J−1)/N} and, to obtain an SL(2, R)-invariant expression, the J-th string field gets multiplied by a factor (e^{2πi(J−1)/N} 4/Ni)^h, where h is the conformal weight of the string field and 4/Ni is dw dz |_{z=0} [13].

The tachyon field T (x) appears in the string field ^Φ as

^Φ = iξce^{−ϕ}T (x) × σ_1 , (3.2)

where the factor of i is needed to get the right sign for the kinetic term. One can easily compute that at zero momentum, ^Q ^Φ = T ( 1 2 c∂cξe^{−ϕ} + ηe^ϕ ) × σ_2 , ^η_0 ^Φ = −T ce^{−ϕ} × σ_2 . (3.3)

Since ⟨ξc∂c∂^2ce^{−2ϕ}⟩ = 2, the only pure tachyon contribution to the action of (2.2) comes from the quadratic and quartic terms of (3.1). The quadratic contribution to the action (which is minus the tachyon potential) is given by

−V_2 = − 1 2g^2

T^2 ⟨ ( 1 2 c∂cξe^{−ϕ}(1) ) ( ce^{−ϕ}(−1) ) ⟩ (−2i)^{−1/2}(2i)^{−1/2} = 1 4g^2

T^2 . (3.4)

The quartic contribution to the action is given by

−V_4 =

T^4 24g^2

(−i)^{−1/2}(1)^{−1/2}(i)^{−1/2}(−1)^{−1/2} × × ⟨ ( ξce^{−ϕ}(1) ) ( ηe^ϕ(i) ) ( ξce^{−ϕ}(−1) ) ( ce^{−ϕ}(−i) ) + + ( ηe^ϕ(1) ) ( ξce^{−ϕ}(i) ) ( ξce^{−ϕ}(−1) ) ( ce^{−ϕ}(−i) ) + + ( ξce^{−ϕ}(1) ) ( ηe^ϕ(i) ) ( ce^{−ϕ}(−1) ) ( ξce^{−ϕ}(−i) ) + + ( ηe^ϕ(1) ) ( ξce^{−ϕ}(i) ) ( ce^{−ϕ}(−1) ) ( ξce^{−ϕ}(−i) ) ⟩ = − T^4 2g^2

. (3.5)

So V (T ) = V_2 + V_4 = −(1/4g^2)T^2 + (1/2g^2)T^4 which has a minimum of V (T_0) = −1/32g^2 when T_0 = ±1/2.

Acknowledgments

I would like to thank Oren Bergman, Ashoke Sen, Ion Vancea and Barton Zwiebach for useful discussions, Caltech for their hospitality, and CNPq grant 300256/94-9 for partial financial support.

References

[1] A. Sen, Stable non-BPS states in string theory, J. High Energy Phys. 06 (1998) 007 [hep-th/9803194];

Tachyon condensation on the brane antibrane system, J. High Energy Phys. 08 (1998) 012 [hep-th/9805170].

[2] O. Bergman and M.R. Gaberdiel, A non-supersymmetric open-string theory and sduality, Nucl. Phys. B 499 (1997) 183 [hep-th/9701137];

T. Yoneya, Spontaneously broken space-time supersymmetry in open string theory without gso projection, hep-th/9912255.

[3] V.A. Kostelecky and S. Samuel, The static tachyon potential in the open bosonic string theory, Phys. Lett. B 207 (1988) 169.

[4] A. Sen, Universality of the tachyon potential, J. High Energy Phys. 12 (1999) 027 [hep-th/9911116].

[5] A. Sen and B. Zwiebach, Tachyon condensation in string field theory, J. High Energy Phys. 03 (2000) 002 [hep-th/9912249].

[6] E. Witten, Interacting field theory of open superstrings, Nucl. Phys. B 276 (1986) 291.

[7] C. Wendt, Scattering amplitudes and contact interactions in witten’s superstring field theory, Nucl. Phys. B 314 (1989) 209;

J. Greensite and F.R. Klinkhamer, Superstring amplitudes and contact interactions, Nucl. Phys. B 304 (1988) 108.

[8] N. Berkovits, Super Poincaré invariant superstring field theory, Nucl. Phys. B 450 (1995) 90 [hep-th/9503099]; A new approach to superstring field theory, in Proc. of the 32nd international symposium ahrenshoop on the theory of elementary particles, Fortsch. Phys. 48 (2000) 31 [hep-th/9912121];

N. Berkovits and C.T. Echevarria, Four-point amplitude from open superstring field theory, Phys. Lett. B 478 (2000) 343 [hep-th/9912120].

[9] N. Berkovits and C. Vafa, N = 4 topological strings, Nucl. Phys. B 433 (1995) 123 [hep-th/9407190].

[10] A. Sen, private communication.

[11] D. Friedan, E. Martinec and S. Shenker, Conformal invariance, supersymmetry and string theory, Nucl. Phys. B 271 (1986) 93.

[12] E. Witten, Noncommutative geometry and string field theory, Nucl. Phys. B 268 (1986) 253.

[13] E. Cremmer, A. Schwimmer and C. Thorn, The vertex function in Witten’s formulation of string field theory, Phys. Lett. B 179 (1986) 57;

D.J. Gross and A. Jevicki, Operator formulation of interacting string field theory, Nucl. Phys. B 283 (1987) 1;

A. LeClair, M.E. Peskin and C.R. Preitschopf, String field theory on the conformal plane, 1. Kinematical principles, Nucl. Phys. B 317 (1989) 411.