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Introduction
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The Casimir effect

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

1 9%(t,z) 0°4(tz)

Equation of Motion =5 = hﬂ e;ia(t T) =

Dirichlet boundary conditions: @(0)=0, @(a)=0.
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The Casimir energy of the free scalar field
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The Abel-Plana Formula
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About this work

R’%(S")"xR space-time

Ho ~ 107°eV << 10”eV ~ (pa)"*

The finite temperature Casimir effect of the graviton and
fermions



The Casimir energy density
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The finite temperature correction for
the Casimir energy
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The finite temperature correction for
the Casimir energy Il

The Abel-Plana formula %
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The finite temperature Casimir energy
in R*x(S")"xR space-time
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Friedmann-Lemaitre equations in
3-+n+1 dimensions
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FLRW metric  ds? = —dt® + a®(t)6;;dz'de? + b*(t)6p0dz¥ dz”
. 1
FL equations 3H? + 3nHHj + gn(n—1)H y = =°d"(t)p,
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The equation of continuity

p+3H(p+p) +nH(p+py) =0. g
Kain [my/B2s? + 22012
|N]m4+” = o =4 "1
Peasimir — — (2 }4__:|;_ﬂ Z {1 - 253(]) (_1) - 41;1 3
L] sz, s k) 3+n ;2
(14,---,£f+3]EE“, it \/5232 +d?3 00

{Sr'!4 e :IH-I—E}#D

= ﬂ(t) 8Pmsimi*r 3;3
Peasimir — — Pcasimir — 3 3,!9 3ﬂ{t) 3
@ (3Pcas-im:if s 8Pcusimir a,ﬂ )
n \ 0b(t) OV A

Pb.casimir — —Peasimir —
B s
These definitions of p and p» are consistent with those in
zero temperature.



Temperature
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Neutrinos

bo

Tvo of this scenario can be larger than that of ACDM model,
Tvon = 1.945 K.
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Expansion history of the Universe
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As the Universe expands, the matter density decreases, and the
right hand side of the equation becomes small and 1t can vanish

at a certain time.
'

b(t) = 0 and p + 2py — 3p = 0.



Expansion history of the Universe 11
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The typical four dimensional energy density of zero temperature

constant ~ b~%4(t) ~ an (¢).
The typical four dimensional energy density of finite temperature
G ~ BTHOBNE) ~ a ()
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Stability
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Neutrinos as the fermions which cause

the Casimir eftect |
?_

mi <0.lmeV,n=8,d=66um and T = 30K

®  Dark Energy and Dark Matter can be explained!!

.However, e
decay width of Z boson 1s enhanced by the factor:
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Conclusions

It has been 1nvestigated whether or not Casimir effect from the
fermions and the graviton can explain dark energy if they arey-
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,
tespectively.

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