hep-ph/9910478 25 Oct 1999

LBNL-44439 UCB-PTH-99/50 hep-ph/9910478 October 25, 1999

Comment on “Inflation and flat directions in modular invariant superstring effective theories”^∗

Mike J. Cai and Mary K. Gaillard

Department of Physics, University of California, and Theoretical Physics Group, 50A-5101, Lawrence Berkeley National Laboratory, Berkeley, California 94720

Abstract

The inflation model of Gaillard, Lyth and Murayama is revisited, with a systematic scan of the parameter space for dilaton stabilization during inflation.

∗This work was supported in part by the Director, Office of Energy Research, Office of High Energy and Nuclear Physics, Division of High Energy Physics of the U.S. Department of Energy under Contract DE-AC03-76SF00098 and in part by the National Science Foundation under grant PHY-95-14797.

Disclaimer

This document was prepared as an account of work sponsored by the United States Government. While this document is believed to contain correct information, neither the United States Government nor any agency thereof, nor The Regents of the University of California, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial products process, or service by its trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof, or The Regents of the University of California. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof, or The Regents of the University of California.

Lawrence Berkeley Laboratory is an equal opportunity employer.

ii

I. INTRODUCTION

The inflation model has proven to be a promising candidate for describing the early universe. It offers a very natural and elegant solution to the horizon and flatness problems in Big Bang cosmology. Unfortunately, its success generally relies on fine tuning some small parameters, and requires one or more scalar fields (inflatons) to roll slowly down a nearly flat potential.

In principle, a flat potential is not realistic in quantum field theory. Any flat potential at tree level will most likely be destroyed by radiative correction. However, with the aid of supersymmetry, such a flat direction may be protected by a nonrenormalization theorem. In [1] a model with the required flatness was constructed, based on the superstring-derived effective theory of [2], which utilizes nonperturbative string effects to stabilize the dilaton in the true vacuum. For inflation to be viable, the dilaton must also be stabilized during inflation. The analytic solution to the stabilization conditions used in [1] contains an algebraic error. In this article, we solve the equations numerically, which permits a systematic scan of the parameter space for viable solutions.

II. THE MODEL

The effective potential from orbifold compactification was presented in [1]. The Kähler potential K and the Green-Schwarz counter term V_{GS} were taken to be

K = G + ln V + g(V ), G = G̃ + ∑ A X_A, V_{GS} = bG̃ + ∑ A p_AX_A, G̃ = ∑ I G̃_I , G̃_I = − ln(T_I + T̄_I − ∑ A |Φ_{AI} |^2), X_A = exp ( ∑ I q^A_I G̃^I ) |Φ_A|^2 , (1)

where g(V ) parameterizes nonperturbative string effects, V is a vector superfield whose scalar component V_{θ=}¯_{θ=0} = ℓ is the dilaton, and b = 30/8π^2 governs the beta function for E_8. The T_I are the chiral multiplets containing the moduli. The Φ_{AI} are untwisted sector chiral multiplets, and the Φ_A are twisted sector chiral multiplets. The component Lagrangian was computed in [2]. Specifically, the scalar potential is given by V = 1 16ℓ^2

(ℓg^′ + 1) | | |u(1 + b_aℓ) − 4ℓW e^{K/2} | | |^2 − 3 16 | | |b_au − 4W e^{K/2} | | |^2 + ∑ A ( ∏ I x^{qAI}_I ) |Y_A|^2 1 + p_Aℓ + ∑ I 1 1 + bℓ + ∑ B(1 + p_B ℓ)q^B_i X_B × [ | | | |A_I (2ξ(t_I )x_I + 1) − e^{K/2} ∑ A ϕ_{AI} W_{AI} | | | | | 2 + x_I ∑ A | | |W_{AI} e^{K/2} + 2ξ(t_I )A_Iϕ̄_{AI} | | |^2 ] (2) where b_a governs the β-function for the condensing gauge sector, A_I = e^{K/2} ( ∑ α q^α_I ϕ_αW_α − W ) − u 4 (b − b_a), (3) and Y_A = e^{K/2}[W_A + K_AW ] + u 4 (p_A − b_a)K_A. (4)

A. Vacuum conditions

In the true vacuum, all matter fields vanish. Hence W = W_a = 0. Recall that K_a = (∏ I x^{−qaI}_I ) ϕ̄_a, which vanishes in the vacuum as well. This means

Y_A = 0, A_I = − u 4 (b − b_a), x_I = t_I + t̄_I = 2Ret_I , (5)

and the scalar potential reduces to

V_0 = 1 16ℓ^2

(ℓg^′ + 1) |u(1 + b_aℓ)|^2 − 3 16 |b_au|^2 + ∑ I 1 1 + bℓ | | | | u 4 (b − b_a)(2ξ(t_I )x_I + 1) | | | | 2 . (6)

Minimizing with respect to t_I , we obtain 2ξ(t_I )x_I + 1 = 0. Therefore, in the vacuum^1

V_0 ∝ 1 b^2_aℓ^2

(ℓg^′ + 1)(1 + b_aℓ)^2 − 3 = 1 b^2_aℓ^2

(f − f^′ℓ + 1)(1 + b_aℓ)^2 − 3. (7)

Now we need to find f such that

1. The dilaton is stabilized (∂V_0/∂ℓ = 0, ∂^2V_0/∂ℓ^2 > 0), and

2. the cosmological constant vanishes (V_0 = 0).

From these two conditions, we arrive at the following constraints:

2(f − f^′ℓ + 1) + ℓ^2f^{′′}(1 + b_aℓ) = 0, f^{′′′}ℓ^2(1 + b_aℓ) + 3b_af^{′′}ℓ^2 < 0, (f − f^′ℓ + 1)(1 + b_aℓ)^2 − 3b^2_aℓ^2 = 0, (8)

where ℓ = ⟨ℓ⟩_0 is the vev of the dilaton in the vacuum.

1The nonperturbative string effects are parameterized by two functions f and g,which are related by ℓg^′ = f − ℓf^′, g(ℓ = 0) = f (ℓ = 0) = 0

B. Inflation To construct a model of inflation, we make the following assumptions [1]. 1. V^{1/4} ≫ √ u. 2. W ∼ 0.

3. W_α = 0, except for α = C3, which is in the untwisted sector. 4. All matter field vev’s are negligible.

Then the scalar potential during inflation is V_i = ℓe^g (1 + bℓ)x_1x_2

|W_{C3}|^2. (9) It is expected that W_{C3} has a power law dependence on the dilaton, which will be discussed later. The dilaton dependence of V_i can be written as

V_i = ℓ^de^g (1 + bℓ)

. (10) Once again, we need to stabilize the dilaton. This time, there is an extra constraint. That is, the dilaton vev during inflation is located in the domain of attraction of the true vacuum. Dilaton stabilization equations are f − f^′ℓ + d − bℓ 1 + bℓ = 0, f^{′′} + 1 bℓ(1 + bℓ)^2

< 0. (11)

C. Summary of the equations for dilaton stabilization The stabilization equations are most simply expressed in terms of the rescaled dilaton field ζ = bℓ. In terms of this variable they take the following form.

1. Vacuum: ζ = b ⟨ℓ⟩_0

f^{′′} +

6γ^2 (1 + γζ)^3

= 0, f − f^′ζ + 1 −

3γ^2ζ^2 (1 + γζ)^2 = 0, f^{′′′} − 18γ^3 (1 + γζ)^4

< 0, (12) where b = 30 8π^2 , γ = b_a/b. (13)

2. Inflation: ζ = b ⟨ℓ⟩_i f − f^′ζ + d − ζ ζ + 1

= 0, f^{′′} + 1 ζ(1 + ζ)^2

< 0. (14)

For simplicity, we will use only the two leading terms for the nonperturbative parameters [3]. f(ζ) = B ( 1 + A √ a ζ ) e^− √_{a/ζ} , (15)

where A, B and a are adjustable parameters. As opposed to the previous equations, all derivatives that appear in these equations are with respect to the rescaled dilaton ζ.

III. PHENOMENOLOGICAL CONSTRAINTS ON THE PARAMETERS

A. The parameter γ

The effective gauge coupling at the string scale is g^{−2} = (f + 1)/2ℓ. Recall that the gravitino mass is given by

M~_G = 1 4 b_a | | | ⟨ λ̄λ ⟩| | , M_p = 1, (16)

where M_p is the reduced Planck mass: M_p = (8πG_N )^{−2}. To establish the observed hierarchy, we want M~_G ∼ 1T eV . This determines the supersymmetry (SUSY) breaking scale:

M~_G = 1 4 b_aΛ^3/M^2_p ∼ 10^3GeV, Λ ∼ 10^{14}GeV, (17)

assuming b_a ∼ O(0.1). If SUSY is broken by a condensate, the renormalization group equation (RGE) tells us the scale Λ at which the gauge interaction becomes strong; in the leading log approximation μ ∂g ∂μ = − 3 2 b_ag^3, Λ = M_p exp ( −1/3b_ag^2 ) . (18)

For μ = Λ ∼ 10^{14}GeV , 3b_ag^2 ∼ 0.1. This relates γ to g^2: γ = b_a b ∼ .03 f + 1 2ζ . (19)

B. The parameter d

The D-term in the scalar potential contains a Fayet-Illiopoulos term:

V_D = g^2 2 (∑ q_nK_nϕ_n + ξ_D

)_2

(20)

where K_n ∝ ϕ̄_n, and ξ_D ∝ ℓ. This leads to a vev ⟨ϕ_n⟩ ∝ ℓ^{1/2}. This will in turn induce other vev’s of the form ⟨ϕ_n⟩ ∝ ℓ^{−1} [1]. The superpotential in general has a power series expansion in all the matter fields. Since V_i ∝ |W_{C3}|^2, we conclude that d is an integer, which may take on negative values.

IV. RESULTS

The equations (12)-(14) are solved self-consistently based on two input parameters: d and the gauge coupling g. The upper bound of d is determined by the inflation equation. In this case, there is no solution for d ≥ 2. The lower bound of d is determined by the requirement that the dilaton remains in its domain of attraction. In the following table, the variables are defined as follows:

1. g^2_{max}: the maximum value of g^2 such that the equations have solutions.

2. ℓ_0: vev of the dilaton in vacuum.

3. ℓ_i: vev of the dilaton during inflation.

The RGE extrapolation of low energy couplings in the context of of the Minimal Supersymmetric Standard Model (MSSM) gives g^2 ∼ .5 at a scale of about 10^{16}GeV . Unification at the string scale, μ_s = g in reduced Planck mass units, can be achieved [4] by adding additional matter fields. This increases g^2, in some cases to a value as high as g^2 ≈ 1. Hence we conclude that d = 1, d = 0 and d = −1 are candidates for a realistic model.

A typical solution is plotted here. Notice that in the scalar potential, an overall normalization proportional to the gaugino condensate is not included.

FIGURES

PSfrag replacements

FIG. 1. Input parameters: d = 1, g^2_{string} = 1.46

PSfrag replacements

FIG. 2. Input parameters: d = 1, g^2_{string} = 1.46

REFERENCES

[1] Mary K. Gaillard and David H. Lyth and Hitoshi Murayama, Phys. Rev. D58 (1998), 123505. hep-th/9806157.

[2] P. Binéntry, M. K. Gaillard, and Y. Wu, Nucl. Phys. B493 (1997) 27 and Phys. Lett.

412 (1997) 228.

[3] S. H. Shenker, in Random Surfaces and Quantum Gravity, Proceedings of the NATO Advanced Study Instutite, Cargèse, France, 1990, edited by O. Alvarez, E. Marinari, and P. Windey, NATO ASI Series B: Physics Vol. 262 (Plenum, New York, 1990).

[4] K.R. Dienes, Phys. Rep. 287C: 447 (1997) and references therein.

TABLES d g^2_{max} ℓ_0 ℓ_i A B a 1 2.3 1.16 2.76 −.66 9.07 1 0 .73 .69 2.10 −.36 20.6 1 −1 .68 1.01 3.51 −.063 39.2 3 −2 .15 .22 .89 −.069 39.0 .65 TABLE I. Parameters for different values of d