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Abstract: Intensity of the cosmic background radiation due to the Cherenkov effect from faster-
than-light virtual photons created in a ZPF background is estimated herein. The calculated result 
shows that spectrum and the mass density of energy due to the Cherenkov radiation almost 
coincides the cosmic background radiation observed. 
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Symbols 
 

 :  Plank’s constant divided by 2π 
c  :  light speed 
ψ  :  wave function of the moving particle 
a  :  proper acceleration of the particle 

*v  :  velocity of the particle in FTL state 
*m :  absolute value of the tachyon’s rest mass 

*T  :  probability for the particle exceeding the light speed   
pl  :  Plank length 
α  :  fine structure constant 

Bk :  Boltzman constant  
T  :  absolute temperature of the radiation 

)(ωρ : energy density of the ZPF 
 
 
INTRODUCTION 
 

Quantum electrodynamics shows that empty space is filled with the zero-point 
fluctuations (ZPF) of electromagnetic energy field which has spectral energy density given by 1 
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where )(ωρ  is energy density of the ZPF, ω is its angular frequency,  is a Plank’s constant 
divided by 2π and c is the light speed.  

According to the author’s theory which predicts the existence of faster-than-light (FTL) 
photons created from the ZPF background by quantum tunneling effect 2, they have the 
possibility to emit electromagnetic radiation by the Cherenkov effect. In this paper, intensity of 
the cosmic background radiation due to the Cherenkov effect from FTL photons created in a ZPF 
background is estimated.  
 
 
PROBABILITY OF VIRTUAL TACHYONS BEING GENERATED IN 
EMPTY SPACE 
 
I. Theoretical background 
 

The author presented the possibility of FTL phenomena in his scientific paper 3 that FTL 
speed can be permitted for highly accelerated elementary particles by quantum tunneling effect.  
For the uniformly accelerated particle, the wave equation can be given by 2 
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where ψ  is a wave function for the moving particle,  is its proper acceleration,  is the 
velocity of the particle and  is its proper mass.  

a v
0m

From Eq.(2), the wave function of the accelerated particle can be given for the region 
below the light speed in Fig.1 as  
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Fig.1  Quantum tunneling of the particle through the light barrier. 
 
For the region above the light speed, the particle is required to have an imaginary rest mass from 
the theory of special relativity, the wave function *ψ  for the FTL particle can be given by 
replacing the term  in Eq.(3) by the imaginary proper mass  as 0m *im
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where  is the velocity of the FTL particle.  *v

Then the probability of the virtual photon that exceeds the light speed becomes 4 
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II. Probability of virtual photons being transformed into a tachyonic state. 
 

In empty space, virtual particles, most of which are low energy photons, are created 
from the ZPF background. From Eq.(5), the probability of the pair of a tachyon and an anti-
tachyon created from the ZPF field by quantum tunneling effect can be estimated.  

From the energy conservation law, we have 
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where ω   is the energy of the virtual photon created in a ZPF background.  From which we 
have 
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Since the FTL particle follows the uncertainty principle for the tachyon given by 5 
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where  is the difference of the momentum and  is the time interval of the virtual photon 
moving in a FTL state. Then the following equation can be derived. 
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From which FTL velocity of the photon can be roughly estimated as 
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According to the uncertainty relation ≈∆⋅∆ tE , we obtain  for the virtual photon, 
which has the energy 

1−≈∆ ωt
ω=∆E . Then the velocity of it can be approximated as 
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Substituting this value into Eq.(7), the absolute mass of the FTL photon becomes 
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Supposing that the virtual photon is created inside the region, which size almost equals the Plank 
length , the acceleration of the virtual photon which has the mass  is roughly 
estimated by the uncertainty principle as 

pl 2c/m ω=
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From which the probability of the photon transformed into tachyonic state becomes 
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CHERENKOV RADIATION FROM FTL PHOTONS 
 

If a tachyon pair created from the ZPF background have electric charge, it radiates a 
photon at the angle of 6  
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by the Cherenkov effect as shown in Fig.2, where cθ  is half-angle of the Cherenkov cone and  
is the index of refraction which equals to unity in a vacuum.  

n

 

 

FTL photon 

Cerenkov cone
QC

 
 

Fig.2  Cerenkov radiation in the ZPF background 
 
If the FTL particle moving at the speed of c/v*=β ,  number of photons at an angular 
frequency  created in a space can be roughly estimated by 6 
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where α  is a fine structure constant and ν∆ is a band width of the radiation. By the uncertainty 
of energy and momentum, the traveling distance of the FTL photon becomes ω/cl = , then the 
number of the photons at a single frequency band created by the Cherenkov effect becomes  
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which is negligible small compared to unity.  

By statistical dynamics, the light quanta radiated which number is has the probability 
shown as 

k
)Tk/kexp( Bω− , where T is the absolute temperature of radiation and  is the 

Boltzman constant
Bk

 7.  Then the mean of energy density of photons created from the ZPF field at 
an angular frequency ω  becomes 
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where Tk/ B1=τ . Taking  K, spectrum of °= 732.T Eρ  can be calculated by Eq.(18) as 
shown in Fig.3, which coincides well with the observed spectrum of the cosmic background 
radiation 8.  
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Fig.3  Spectrum of Eρ  compared with the observed cosmic microwave background radiation 
denoted as . 
 

By integrating Eq.(18) over the microwave frequency ~ , the 
equivalent mass density of radiation due to the Cherenkov effect can be given by 
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          (kg/m311028.7 −×≈ 3) . 
 
The observation equivalent mass density of the cosmic background radiation is estimated as 

 
                       (kg/m311044 −×≈ .rρ

3) .                         (20) 
 
according to the work by Fang Li Zhi 9.  From this result, it is considered that almost of all 
energy of the cosmic background radiation is due to the Cherenkov radiation from the FTL 
photons created in a ZPF background. 
 
CONCLUSION AND DISCUSSION 
 

In this paper, the author evaluates the cosmic background radiation due to the 
Cherenkov effect from FTL virtual photons created in a ZPF background. The calculated result 
shows that the spectrum and the mass density of energy due to the Cherenkov radiation almost 
coincides the cosmic background radiation and it is considered that almost of all energy of the 
cosmic background radiation is due to the Cherenkov radiation from the FTL photons created in 
a ZPF background. Generally the cosmic background radiation is considered to be the remnants 
of the Big Bang of the Universe. However the Big Bang theory must be reconsidered if the 
cosmic background radiation is created from the ZPF field as the author presented in this article. 
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