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Recently, it has been reported an experiment where a very weak laser beam passes through a 
dense cloud of ultracold rubidium atoms. Under these circumstances, it was observed that the 
photons bound together in pairs or triplets, suggesting an unexpected attractive interaction 
between them. Here, it is shown that mentioned interaction can be related to the gravitational 
interaction. 
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1. Introduction 
 
          In a paper recently published in 
Science [1], researchers have reported that 
when they have put a very weak laser beam 
through a dense cloud of ultracold rubidium 
atoms (as a quantum nonlinear medium), the 
photons bound together in pairs or triplets, 
suggesting an unexpected attractive 
interaction between them. 
          Here, it is shown that mentioned 
interaction is related to the gravitational 
interaction.  
 
2. Theory 
 
          I have show in the Mathematical 
Foundations of the Relativistic Theory of 
Quantum Gravity [2] that, by combination of 
Gravitation and the Uncertainty principle it 
is possible to derive the expression for the 
Casimir force. The starting point is the 
expression of correlation between 
gravitational mass mg and rest inertial mass, 
mi0, obtained in the mentioned paper, i.e., 
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where p  is the variation in the particle’s 
kinetic momentum;  is the light speed.  c
          Thus, an uncertainty   in   
produces an uncertainty  

0imΔ 0im
pΔ  in and 

therefore an uncertainty 
p

gmΔ   in , which 
according to Eq.(1) , is given by 

gm
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From the uncertainty principle for position and 
momentum, we know that the product of the 
uncertainties of the simultaneously measurable 
values of the corresponding position and 
momentum components are at least of the 
magnitude order of   , i.e.,  h

h~rpΔΔ
Substitution of r~p ΔΔ h into (2) yields 

( )3112
2

i
i

ig m
r

cm
mm Δ

⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
−⎟

⎠

⎞
⎜
⎝

⎛
Δ
Δ

+−Δ=Δ
h

Therefore if 
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Then the expression (3) reduces to: 
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Note that gmΔ  does not depend on . gm
          Consequently, an uncertainty FΔ  in the 
gravitational force 2rmGmF gg ′−= , will be 
given by 
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The amount  ( ) m.cG 353 106112
1 −×=h   is 

called the Planck length, ,( the length scale 
on which quantum fluctuations of the metric of 
the space time are expected to be of order unity). 

planckl
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Thus, we can write the expression of FΔ  as 
follows 
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which is the expression of the Casimir force for 
( ) 22

0 960 plancklAA π== . 
          Now, multiplying Eq. (8) (the expression 
of ) by  we obtain  0F 2n
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This is the general expression of the Casimir 
force.  
          We can then conclude that the Casimir 
effect is just a gravitational effect related to the 
uncertainty principle. In this context, the nature 
of the Casimir force is clearly gravitational as 
shown in the derivation of Eq. (9), which 
expresses, in turn, the intensity of the 
gravitational force in the case of very small scale 
( r very small) 1.  
          Now consider the discovery reported 
recently in Science [1]. When the researchers 
have put a very weak laser beam through a dense 
cloud of ultracold rubidium atoms 2, the photons 
bound together in pairs or triplets, suggesting an 
unexpected attractive interaction between them. 
Now, we will show that the nature of this 
interaction is gravitational.  
          According mentioned in the paper, the 
length of the cloud of ultracold rubidium atoms 
were of approximately mμ130  (along the 
propagation direction), while the transverse 
extent of the probe beam waist had about mμ5.4 . 
                                           
1 The Casimir force is only significative when the 
value of r  is very small (microcosm scale). 
2 The velocities of the photons through the cloud of 
ultracold rubidium atoms are strongly reduced. This is 
the reason for the laser to pass through the mentioned 
cloud. Lene Hau et al., [3] showed that light speed 
through a cloud of ultracold rubidium atoms reduces 
to values much smaller than .  1.100 −sm
 

Therefore, the distances r  between the photons 
of the cloud were very small. As we have already 
seen, at very small scale, the gravitational 
interaction cannot be trated via usual Newton’s 
equation of gravitation. In this case, Eq. (9) must 
be used. Thus, assuming ( ) 21322 10 mfcA −≅=≈λ , 
and substituting this value into Eq. (9), we 
obtain: 

( )1010 440 rF −≈
Using the above equation, and considering 
the dimensions of the mentioned cloud 
( )mm μμ 5.4130 × , we can calculate the 
intensity of the gravitational force between 
two photons of the cloud, when the distance 
r  between them were, for example, of the 
order of mμ1 , i.e.,  

( )1110 16 NF −≈
The intensity of this gravitational force is highly 
significative. Compare for example, with the 
Coulombian attractive force between an electron 
and a proton, separated by the same distance 
( mr μ1≈ ), which is given by 
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The Coulombian repulsive force between two 
protons in an atomic nucleus, considering that, 

, and that the distance 

between them is [

mrproton
15104.1 −×=

mr 15104 −×= 4], is given by 
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This enormous repulsive force must be 
overcomed by the intense attractive nuclear force 
(strong nuclear force).  
          Now consider Eq. (9), where we put 

 and , 
then the result is 

2302 106 mrA proton
−×≅= π mr 15104 −×=
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Comparing Eq. (14) with Eq. (13), we can 
conclude that the attractive gravitational force 
(30N) is sufficient to overcome the repulsive 
Coulombian force expressed by Eq. (13).  
          These results lead us to formulate the 
following  question:  What is the true nature of 
the “strong nuclear force”? Is it gravitational as 
shown above?  
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Recently, it has been reported an experiment where a very weak laser beam passes through a dense cloud of ultracold rubidium atoms. Under these circumstances, it was observed that the photons bound together in pairs or triplets, suggesting an unexpected attractive interaction between them. Here, it is shown that mentioned interaction can be related to the gravitational interaction.
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1. Introduction


          In a paper recently published in Science [1], researchers have reported that when they have put a very weak laser beam through a dense cloud of ultracold rubidium atoms (as a quantum nonlinear medium), the photons bound together in pairs or triplets, suggesting an unexpected attractive interaction between them.


          Here, it is shown that mentioned interaction is related to the gravitational interaction. 

2. Theory

          I have show in the Mathematical Foundations of the Relativistic Theory of Quantum Gravity [2] that, by combination of Gravitation and the Uncertainty principle it is possible to derive the expression for the Casimir force. The starting point is the expression of correlation between gravitational mass mg and rest inertial mass, mi0, obtained in the mentioned paper, i.e.,



[image: image1.wmf](


)


1


1


1


2


1


2


0


0


ï


þ


ï


ý


ü


ï


î


ï


í


ì


ú


ú


û


ù


ê


ê


ë


é


-


÷


÷


ø


ö


ç


ç


è


æ


+


-


=


=


c


m


p


m


m


i


i


g


c




where 
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 is the variation in the particle’s kinetic momentum; 
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, which according to Eq.(1) , is given by
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From the uncertainty principle for position and momentum, we know that the product of the uncertainties of the simultaneously measurable values of the corresponding position and momentum components are at least of the magnitude order of  
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Therefore if
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Then the expression (3) reduces to:
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          Consequently, an uncertainty 
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which is the expression of the Casimir force for 
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This is the general expression of the Casimir force. 

          We can then conclude that the Casimir effect is just a gravitational effect related to the uncertainty principle. In this context, the nature of the Casimir force is clearly gravitational as shown in the derivation of Eq. (9), which expresses, in turn, the intensity of the gravitational force in the case of very small scale (
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          Now consider the discovery reported recently in Science [1]. When the researchers have put a very weak laser beam through a dense cloud of ultracold rubidium atoms 
, the photons bound together in pairs or triplets, suggesting an unexpected attractive interaction between them. Now, we will show that the nature of this interaction is gravitational. 


          According mentioned in the paper, the length of the cloud of ultracold rubidium atoms were of approximately 
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 between the photons of the cloud were very small. As we have already seen, at very small scale, the gravitational interaction cannot be trated via usual Newton’s equation of gravitation. In this case, Eq. (9) must be used. Thus, assuming 
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, and substituting this value into Eq. (9), we obtain:
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Using the above equation, and considering the dimensions of the mentioned cloud 
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The intensity of this gravitational force is highly significative. Compare for example, with the Coulombian attractive force between an electron and a proton, separated by the same distance (

[image: image41.wmf]m


r


m


1


»


), which is given by



[image: image42.wmf](


)


12


10


10


4


16


2


28


2


0


2


N


r


r


e


F


c


-


-


»


@


=


pe


The Coulombian repulsive force between two protons in an atomic nucleus, considering that, 
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This enormous repulsive force must be overcomed by the intense attractive nuclear force (strong nuclear force). 

          Now consider Eq. (9), where we put 
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Comparing Eq. (14) with Eq. (13), we can conclude that the attractive gravitational force (30N) is sufficient to overcome the repulsive Coulombian force expressed by Eq. (13). 

          These results lead us to formulate the following  question:  What is the true nature of the “strong nuclear force”? Is it gravitational as shown above? 
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� The Casimir force is only significative when the value of � EMBED Equation.3  ��� is very small (microcosm scale).



� The velocities of the photons through the cloud of ultracold rubidium atoms are strongly reduced. This is the reason for the laser to pass through the mentioned cloud. Lene Hau et al., [� HYPERLINK  \l "t3" ��3�] showed that light speed through a cloud of ultracold rubidium atoms reduces to values much smaller than� EMBED Equation.3  ���. 
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