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1. Introduction
One of the most important and still unsolved problem in 
contemporary physics is related to the energy content of the 
universe. According to the recent results of the 2015 Planck 
mission (Ade et al., 2016), the universe roughly consists of 
69.11% dark energy, 26.03% dark matter, and 4.86% baryonic 
(ordinary) matter. Therefore, the energy content of the dark 
sector of our universe is 95% of the total energy. Actually, we 
do not know anything about its nature as well as which are, 
if any, the dark energy and matter particles. Consequently, 
we have not directly detected or observed dark energy and 
dark matter.

2. Still no detection of the dark energy?
Perl (2009) stated that it almost comes as a surprise that 
dark energy has not been directly detected yet, since we 
have detected energy densities, which are much smaller. In 
particular, critical energy density reads

                                        (1)

where, the Hubble constant H0 is 
 (Ade  et  al.,  2016), and 

the Newton's constant  
Thus the dark energy density becomes

                                                (2)

The corresponding mass density of the dark energy will be 
, which is equivalently to almost 4 

protons/m3. On the other hand, one can do an experiment in a 
lab with an electric field of magnitude

E =1 V /m and measure the energy density of the electric 
field. The result will be

                                    (3)

Therefore, though the energy density of the electric field, i.e., 
, can be detected and measured, the dark energy density, 

i.e., , which is much larger has not been detected yet. 
Of course, one has to avoid to make an experiment for the 
detection and measurement of the dark energy near the 
surface of the Earth, or the Sun, or the planets, since the 
energy density of the gravitational field on Earth’s surface is

                                          (4)

where g is the gravitational acceleration1. It is evident that 
the energy density of the gravitational field is much larger 
than the dark energy density. Thus, as already mentioned 
above, any attempt at detecting and measuring dark energy 
has to be performed far from the regions of space in which 
the gravitational field of massive bodies is quite strong.

3. Properties of a hypothetical dark energy par-ticle
As already stated, we do not know the nature of the dark 
energy and we also do not know which is, if any, the dark 
energy particle. Making the assumption that such a particle 
exists, one can proceed with phenomenological arguments in 
order to obtain some properties of this would-be dark energy 
particle. The starting point will be the quantum mechanical 
relation between the mass and length of a particle2

                                     (5)

Of course, we are not aware of the mass of the hypothetical dark 
energy particle, but we have calculated the dark energy density, 
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given by equation (2), of the dark energy, i.e., , based on 
observational data. Thus, it will be easy to compute the length 
scale of the dark energy particle, i.e., , and its corresponding 
frequency, i.e., . Therefore, assuming the dark energy 
particle is located in the volume , equation (5) becomes

                             (6)

where the length of the dark energy particle reads

                                    (7)

and the corresponding frequency is equal to

                         (8)

4. Is axion a candidate for a dark energy particle?
If one assumes that the vacuum provides its energy for 
the acceleration of the universe, this means that the vac-
uum energy density, i.e., , can run for the dark energy 
density. Now, one can theoretically compute the former 
using techniques of Quantum Field Theory, while the latter 
is computed using astronomical observations. From equation 
(2) we can obtain

                                                        (9)

This is the well-known ''old'' cosmological problem (Burgess, 
2015). It is obvious that if one would like to suggest a 
candidate for the dark energy particle, this candidate particle, 
as a starting point, has to at least alleviate this ''old'' problem. 
At this point, one would like to investigate which are the 
options for a dark energy particle. As we will see it seems that 
axion can run for dark energy particle. Axion is a hypothetical 
elementary particle, which was suggested as a solution to the 
strong CP problem in QCD (Peccei & Quinn, 1977). From 
a theoretical point of view, it is known that the masses of 
axions in the context of QCD range from

                                       (10)

while utilizing equation (8), the frequency of the axion reads

                                          (11)

At this point, one employs equation (6) to obtain a relation 
that connects the dark energy density with the frequency

                                                     (12)
It should be stressed that this equation is also satised by the 
energy density of axions, hence

                                           (13)

This is really an acceptable and welcomed result.

5. Discussion
In this work we have employed a phenomenological analysis 
presented in (Perl, 2009) in order to show that an axion of mass 
1.5 meV is a viable candidate for the dark energy particle. In 
particular, we derived the length that is characteristic for the 
axion as a quantum particle and then obtained its frequency. 
Since we produced a relation that connects the energy density 
with the frequency of a particle, i.e., , we showed that 
the energy density of axions, with the specific value of mass, 
as obtained from our theoretical analysis is proportional to 
the dark energy density computed on observational data. At 
this point a couple of comments are in order. First, since our 
analysis here is completely phenomenological, it is evident 
that our acceptable result does not prove that the axion with 
mass  is the dark energy particle. However, 
this analysis can serve as an easy and quick criterion to 
classify the viable candidates for dark energy particles. 
Second, until now there is no experimental evidence for an 
axion or an axion-like particle (ALP) (Anastassopoulos et 
al., 2017). The experiment which is looking in the range of 
masses under consideration here, i.e.,  , is the 
PVLAS (Polarization of Vacuum LASer) experiment (Della 
Valle et al., 2016).
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1.5×10−3 eV/c2

ρa/ρDE ~O(1)


