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Introduction

Accelerated expansion of the Universe
                        Ωm + Ωr + ΩK ≠ 1. ΩΛ is needed. 

Cosmological constant problem
                       ρΛ ~ (10-3eV)4

Zero point energy of the quantum field
                        ρ0 ~ m4

The Casimir effect 

Energy Fraction of the Universe

ΩΛ

Ωm



  

The Casimir effect
The Casimir energy is the zero point energy caused by 
boundary conditions. 

x=0 x=a

Dirichlet boundary conditions: φ(0)=0, φ(a)=0.

.

Equation of Motion



  

The Casimir energy of the free scalar field

The Casimir Energy ≡ 
      Zeropoint Energy under the Boundary Conditions
    - Zeropoint Energy under the ``No” Boundary Conditions       
                            

x=0 x=a x=0 x=∞

k: continue valued

E ≡ E0(a,m) – E0M(m)

Compare



  

The Abel-Plana Formula

Massless Massive



  

About this work

R3×(S1)n×R  space-time

     H0 ~ 10-33eV << 10-3eV ~ (ρΛ)1/4

The finite temperature Casimir effect of the graviton and 
fermions  



  

The Casimir energy density

Massless

Massive



  

The finite temperature correction for 
the Casimir energy

E0
ren = Vdnρ0

- for bosons, and + for fermions



  

The Abel-Plana formula

The finite temperature correction for 
the Casimir energy II



  

The finite temperature Casimir energy 
 in R3×(S1)n×R  space-time



  

Friedmann-Lemaitre equations in 
3+n+1 dimensions

FLRW metric

FL equations



  

The equation of continuity

These definitions of p and pb are consistent with those in 
zero temperature. 



  

Temperature

 Tν0 of this scenario can be larger than that of  ΛCDM model, 
 Tν0Λ = 1.945 K. 

Neutrinos



  

Expansion history of the Universe

As the Universe expands, the matter density decreases, and the 
right hand side of the equation becomes small and it can vanish 
at a certain time. 



  

Expansion history of the Universe  II

The typical four dimensional energy density of zero temperature

The typical four dimensional energy density of finite temperature

~~

~ ~



  

Stability



  

Neutrinos as the fermions which cause 
the Casimir effect

m1 < 0.1meV, n = 8, d = 66µm and T = 30K

Dark Energy and Dark Matter can be explained!! 

However, . . . 

decay width of  Z boson is enhanced by the factor: 



  

Conclusions
It has been investigated whether or not Casimir effect from the 
fermions and the graviton can explain dark energy if they are 
the only massless particles which can go through the compacted 
extra dimensions. 

Zero temperature Casimir energy and the finite temperature 
Casimir energy can explain dark energy and dark matter, 
respectively. 

Neutrinos cannot be the fermions which cause accelerating 
expansion of the Universe. 
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