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“Accelerating Universes in String Theory via Field Redefinition” 
Eur. Phys. J. C (2012) 72:1949 [arXiv:1111.3251 [hep-th] ] 

Collaboration with Nobuyoshi Ohta and Ryo Wakebe 



Theoretical difficulties: 

 horizon problem 
 flatness problem 
 monopole problem (if GUT) 
 cosmological constant problem 

 initial singularity 

Inflation 

 dark energy 

Quantum gravity or superstring ? 

Introduction 
Big Bang scenario very successful 

confirmed by three famous observations 

Hubble expansion law (1929) 

Cosmic microwave background (1965) 
Light element abundance  



Inflation 

 Potential type models 

New inflation (Linde, Albrecht-Steinhardt) 

Old inflation (K. Sato, Guth) 

Chaotic inflation (Linde) 

large density fluctuation 

density fluctuation 



What is an inflaton f ? 

 bottom-up 

 top-down 

SUSY potential phenomenological 

superstring (or 10D supergravity) 

compactification 

higher dimensions 

a p-dimensional soliton-like object Dp-brane 

brane inflation 



Higher-curvature model 

A. Staribinski (’80) 

Quantum corrections Higher curvature terms 

de Sitter solution 

 Kinetic type models 

K-inflation model 

C. Armendáriz-Picóna, T. Damourb, V. Mukhanov (99) 

non-canonical kinetic term 



inflation reheating 
a should be very large 

Conformal transformation KM, (’88) 

Note: f(R) gravity theory is equivalent to  
          the Einstein theory + a scalar field F with a potential 

Staribinski model 



 Higher-order correction in superstring 

M.C. Bento, O. Bertolami, (’96) 

A.A. Tseytlin, (’00)  

K. Becker, M. Becker, (’01)  

(c1; c2; c3)
Gauss-Bonnet term 

4th order 

Bosonic string 

Type II string 

Heterotic string 



Heterotic superstring theory 

Quantum corrections R.R. Metsaev  A.A. Tseytlin, (’87) 

B. Zwiebach, (’85) 

Ambiguity in the effective action due to field redefinition 



Gauss-Bonnet term H. Ishihara, (‘86)  

Inflation(?) →  Minkowski 

a(t) = exp(p1t); b = exp(p2t)

de Sitter type 

4 solutions 

R 

p_1 

p_2 



 f 

  

Non-inflationary expansion  

K. Bamba, Z. K. Guo and N. Ohta (’07) 

The result is similar 

Power law expansion in 10 dimensions 

Fixed points: 

Non-inflationary expansion  



However, there exists  

more ambiguity in the order of  a’ correction 

 via field definition 

Field redefinition:  

Macroscopic objects (BH, the Universe)  

       should not depend on field redefinition  

It would be true if we include all orders of correction. 

Some of the coupling constants may well approximate 

      the exact effective action, if any. 

There exists some ambiguity because of the a’ correction. 

8 unknown parameters  



Field redefinition:  

higher derivative terms in the equations of motion 



We restrict the generalized effective action to the Galileon type   

Second order derivatives in the equations of motion 

Two free parameters m and n from the freedom of field redefinition 

: Einstein tensor 



4D effective action = two Galileon type scalar fields 

flat 6D space 



Cosmological solutions 

Basic eqs. 

“Bianchi” identity: 

Equations for  



Fixed points: : constants 

Algebraic equations: 



The metric of our universe 

accelerating expansion & 

de Sitter expansion 

Properties of the fixed points: 



One simple equation: 

Three cases: 



one parameter family 



examples 

two-parameter family (m,n) the power  exponent P 



Fixed point solutions 
two-parameter family 

n m=0 

m 

m 

n 

n 

de Sitter 

de Sitter de Sitter 



Stability of fixed points 

Perturbation equations 

stability condition 

All accelerated expanding universe are stable.  
& 

degenerate 



Summary 

Extending the effective action by field redefinition, 
 we find de Sitter expanding (or accelerating) universe 
 in the context of superstring (supergravity)  
 with corrections of the curvatures and a dilaton field. 

As the similar to other kinematical model, 
 we still have the following basic problems: 

graceful exit  

reheating of the Universe 

density fluctuations 

moduli fixing by flux 




