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Abstract Based on a model of the universe without singularity, it is proven that the energy density of the vacuum
state must be zero or a finite and small positive number. Consequently, the effective cosmological constant is easily
determined according to the observations.
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1. Introduction

The s-elementary particles get their corresponding proper
masses and form s-atoms, s-molecules and s-celestial bodies.
The v-elementary are all massless and can only form
SUV (5) color singlets. There is no long range interaction
except the gravitational interaction among the v-color
singlets. Sach as the interaction by exchanging virtual
Higgs particles is short range interaction and very weak
so that it can be ignored, because the masses of the
Higgs particles in the model are very large. Consequently,
the v-color singlets can only diffusely distribute in the
universe, cannot be detected and can only be regarded. as
dark energy.
The gravitational mass density of the ground state in the
nature unit is

The effective cosmological constant Λ = Λ A + ρ0 , here
Λ A and ρ0 are Einstein cosmological constant and the
energy density of the ground state of fields (the vacuum
state). Λ must be very small or zero. But ρ0 is essentially
divergent, or very large when high frequency truncation is
taken. Consequently, the cosmological constant problem
occurs. The problem is not satisfactorily solved. In fact,
the problem is hard solved in the conventional theory.
The model of the universe without singularity explains
the evolution of the universe [1] based Λ=0, predicts that
ρ=
ρ S − ρV
huge voids have the effects of minus lens. According to
g
this model there is no singularity, but there is the highest
∞
(1)
1 N
2
2
temperature in the universe.
(aωSn k Sn
dk Sn + aωVn kVn
dkVn ).
=
∑
∫
We try to solve the cosmological constant problem
4π 2 n 0
based on [1].
where N is the total number of the degree of freedom of
In section 2 it is proven that the energy density of the
all s- or v- elementary particles, n denotes nth degree of
ground state must be zero or a finite and small positive
freedom, a = 1 for fermions, and a = −1 for bosons..
number. Section 3 is the conclusion.
Thus, before the symmetry SU S (5) × SUV (5) is not
broken,

2. The Cosmological Constant is Zero
or a Small Positive Number

According to [1], there are s-matter and v-matter which
are described by the symmetry group SU S (5) × SUV (5).
Both s-matter and v-matter are symmetric, both masses
and energies are positive, but their gravitational masses
are opposite from each other. There are two sorts of
spontaneously symmetry breaking according to the model
which are called s-breaking and v-breaking. When
the s-breaking occurs, the gravitational mass density
ρ=
ρ S − ρV , here ρ S and ρV are the mass density of
g
s-matter and the mass density of v-matter, respectively.

ω=
Sn k=
Sn ω=
Vn kVn

(2)

ρ g = 0, Λ = Λ A .

(3)

This is because the expectation values of all Higgs
fields are zero so that the masses of all elementary
particles are zero as well when the symmetry
SU S (5) × SUV (5) holds, and the total number of the
degree of freedom of all s-elementary particles is the same
as that of the all v-elementary particles.
After SU S (5) × SUV (5) is broken to

SU S (3) × U S (1) × SUV (5),

Frontiers of Astronomy, Astrophysics and Cosmology
2
2
ωSn =mSn
+ k Sn
kVn
, ωVn =

(4)

ρ g > 0, Λ = Λ A + ρ g 0 .

(5)

It should be noted that in the case, the total number of
the degree of freedom of all s-elementary particles is still
the same as that of the all v-elementary particles. For
example, after the s-breaking occurs, the degree of

( )

freedom of the gauge boson W + is 3 due to m W + > 0;
Before the s-breaking occurs, the degree of freedom of the
gauge boson W + corresponding to W + is 2 due to

31

The results are hold as well for the case that the
universe is composed of infinite cosmic islands [2].
It is obvious that the above results are true when
v-breaking occurs, i.e. S ↔ V .

3. Conclusions
Based on [1], it is proven that the energy density ρ g 0
of the ground state must be zero or a small positive
0 , Λ =ρ g 0 ; If Λ
number. Consequently, if taking Λ A =

m W + = 0. But there is a Higgs particle ϕ which will

can be determined according to astronomical observations,
Λ A =Λ -ρ g 0 must be a small number. It is seen that the

be eaten by W + after s-breaking, i.e. W + and ϕ

model [1] has provided a way to solve cosmological
constant problem.

( )

combine together to form W + . The total number of the
degree of freedom of W + and ϕ is the same as that of

W + . In fact, the total number of the degree of freedom
must be conservational, and the total number of the degree
of freedom of the s-elementary particles must be the
same as that of the v-elementary particle because of
the symmetry SU S (5) × SUV (5). On the other hand, it is
impossible that a fermion transforms into a boson, and
vice versa. Consequently ρ g 0 must be a finite and small
positive number.
0, Λ =ρ g 0 ; If Λ can be determined
If taking Λ A =
according to astro observations, Λ A =Λ -ρ g 0 must be a
small number. It is seen that the model [1] has provided a
way to solve cosmological constant problem.
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