
A Naive Model of The Cosmological Vacuum Energy Density: Dirac Sea

Yu-Jie Zhang
Key Laboratory of Micro-nano Measurement-Manipulation and Physics (Ministry

of Education) and School of Physics, Beihang University, Beijing 100191, China

A naive model that Dirac sea offer the cosmological vacuum energy density is discussed here.

The cosmological parameters are measured [1]

ρcos ∼ 1× 10−29 g/cm3,

TCMB = 2.725± 0.001 K. (1)

Where TCMB is the temperature of Cosmological Mi-
crowave Background, and ρcos is the cosmological vac-
uum energy density.
We assume that the kinetic energy of fermion is the

energy of thermal motion,

kT =
mc2√

1− v2/c2
−mc2 (2)

Here m is the fermion mass, v is the velocity of fermion,
c is the velocity of light in vacuum, k is Boltzmann con-
stant, and T is CMB temperature. It is corresponded to
a de Broglie wave,

h/λ =
mv√

1− v2/c2
(3)

Here h is Planck constant, λ is wavelength of de Broglie
wave. Then we can get

λ =
h√

2mkT
√
1 + kT/(2mc2)

(4)

We also assume all of the fermions are stayed at the
ground state. The excited states should translate to the
ground state in long time enough. So there are only two
fermions in a cube one λ on each side for spin of fermion
is 1/2. Then we can get the energy density of Dirac sea

ρDS =
2m

λ3
=

(2m)5/2(kT )3/2

h3
√

1− v2/c2

(
1 +

kT

2mc2

)3/2

(5)

For fermion of Dirac sea is fulled in the total space, it
is just like the cosmological vacuum energy density. If

we consider Dirac sea offer the cosmological vacuum en-
ergy density, then the temperature of thermal motion
of Dirac sea equal the temperature of Cosmological Mi-
crowave Background

ρDS = ρcos

T = TCMB (6)

And including constant,

k = 1.380× 10−23 J K−1

h = 6.626× 10−34 J s

c = 2.998× 108 m/s (7)
Then we can get

m = 8.7× 10−38 kg = 0.049 eV/c2. (8)

The fermion may be neutrino, or something else. Of
course, this is a naive, semiclassical model. And the ef-
fect of Quantum, General Relativity, and so on should be
taken into account. And many other questions followed
should be studied, where are bosons and other fermions,
what is the fermion, and so on.

In summary, we discussed a naive model that Dirac
sea offer the cosmological vacuum energy density. We
assumed that the kinetic energy of fermion is the energy
of thermal motion, and only two fermions in a cube one
wavelength of de Broglie wave on each side. If we se-
lect the mass of fermion 8.7 × 10−38 kg(0.049 eV/c2),
the energy density of Dirac sea is equal to the cosmolog-
ical vacuum energy density. And many other questions
followed be studied by physicists.
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