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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 
                                           
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
 

were of approximately mμ130  (along the 
propagation direction), while the transverse 
extent of the probe beam waist had about mμ5.4 . 
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?  
          This possibility is reinforced by the 
derivation the Coupling Constants for the 
Fundamental Forces that we will make 
hereafter, starting from Eq. (9).  
          It is known that  the weak force, , 
which is related to the strong force, , by 
means of the following expression: 

WF

SF
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where Wα  is the weak force coupling 
constant, and Sα  is the strong force coupling 
constant 3. 
          Assuming that , where  is 
given by Eq. (9), then  Eq.(15) can be 
rewritten as follows 

FFS = F
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At  (0.1% of the diameter of a 
proton), the weak interaction has a strength 
of a similar magnitude to electromagnetic 
force, 

mr 18103 −×≅

2
0

2 4 reFE πε=  [5]. Thus, making 
, and substituting the above 

mentioned value of 
EW FF =

r , we obtain 
 
                                           
3 Similarly, the weak force is related to the 
electromagnetic force, , by means of  the 

expression: 
EF

EWEW FF αα= ; and the strong 
force is related to the electromagnetic force, by means 
of  the expression: EWES FF αα= ; and the 

gravitational force, , is related to the 
electromagnetic force, by means of  the expression: 

GF

EGEG FF αα= .  
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This is the same value mentioned in the 
literature for SW αα [6]. 
          Now, considering that EWEW FF αα= , 
where Eα  is the electromagnetic force 
coupling constant, then we can write that  

( )18
4 2

0

2

r
eF

E

W
W πεα

α
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=  

At the maximum range of the weak 
interaction, , we have the minimum value 
of the weak force, , which can be 
expressed by  Eq. (16) or Eq. (18) as follows 
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By comparing these equations, we obtain 
 

( )21
4480 0

2

2
max πεα

απ
α
α e

r
hcA

E

W

S

W
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟

⎠
⎞

⎜
⎝
⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

or 

( )22
480
24

480
4

480
4

2
max

23

2
0

2
max

2
0

23

2
max

2
0

2

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛=

===

r
r

e
c

re
hcr

re
hcA

p

p

E

S

ππε

επεπ
α
α

h

 

          Experimental data, describing the 
strong force between nucleons is consistent 
with a strong force coupling constant of 
about 1 [6]. Thus, making 1=Sα  (strong 
force coupling constant) in Eq. (22), we 
obtain  
 

( )23
2

480
4 23

2
max

0

2

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

p
E r

r
c

e
ππε

α
h

 
The maximum range of the weak interaction, 

,  is of the order of  [maxr m1610− 7]. Equation 
above shows that, for r  the 
term 

m16
max 105 −×≅
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Consequently, Eq. (23) reduces to 
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this is the expression of the electromagnetic force 
coupling constant.  
         Multiplying SW αα (given by Eq. (17)) by 

ES αα (given by Eq. (22)), we get 
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whence we obtain 
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          Now, we will obtain the gravitational force 
coupling constant, Gα , starting of the fact 
that the strong force, , is related to the 
electromagnetic force, , by means of the 
following expression: 

GF

EF
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Then, we can write that 
 

( )28109.5

4

39

0

2

2
−×≅

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

πε

ααα
e

Gm
F
F p

E
E

G
EG

 
          The relative strength of interactions 
varies with distance [8]. Here, starting from 
the fact that the strong nuclear force and the 

weak nuclear force  are gravitational forces 
expressed by Eq. (9), we have showed that,  
at the range of about 10−15 m 
( ), the strong force(mr 16

max 105 −×≅ 1=Sα ) 
is approximately 137 times as strong as 
electromagnetic force ( 1371=Eα ), about a 
million times as strong as the weak force 
( 7103 −×≅Wα ), and about 1038 times as 
strong as gravitation( 39109.5 −×≅Gα ). All these 
values are in strong accordance with the 
values widely mentioned in the literature [9, 
10], given below 
 

39

7

109.5
103

1371
1

−

−

×≅
×≈

=
=

G

W

E

S

α
α
α
α

  
          Finally, we complete the unification of 
the Fundamental Forces of the Universe, by 
deriving from Eq. (9) the equations of the 
Coulombian Force and of the Newtonian 
Force. 
          Consider two electric charges  and 

 separated by a distance 
1q

2q r . If we define 
the area A  in Eq. (9) by means of the 
following expression 
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where  is a constant to be determined, and 

, then Eq. (9) can rewritten 
as follows 

ek
Ce 19106.1 −×=
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Note that, the term in brackets is equal to 1 for  

1769.0120 0
22 ≅= επ hceke . In this case, 

Eq. (30) reduces to
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which is the expression of the Coulombian 
Force.  
          In a similar way, we can derive the 
expression of the Newtonian Force for two 
particles with masses  and  respectively, 
separated by a distance 

1m 2m
r . First we define the 

area A  in Eq. (9) by means of the following 
expression 
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where  is a constant to be determined, and 

, is a minimum value of mass that will be 
calculated hereafter. Then substitution of Eq. 
(32) into Eq. (9) yields 

gk

0m
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The term in brackets is equal to 1 for  
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Equation (34) can be rewritten as follows 
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 where kgGc 81008.14 −×=h .  
         Equation (35) shows that, the term 
( )260 π  is a pure number such as , and 

the term 
gk

Gc 4h  is expressed in kg  such as 
, then we can conclude that 0m
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and 
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          This expression it was first derivated by 
Hawking (1971) [11], and it is known as 
Hawking mass limit. Starting from the 
principle that the gravitational collapse is a 
process essentially classic, Hawking have 
concluded that black-holes could not exist 
with radius less than the Planck length 
( )3cGh  (limit for which quantum fluctuations 
in the metric of the spacetime are considered of 
the order of 1). In this way, the minimum 
radius of Schwarzschild, 2

02 cGmrS = , 
would have this value and, to this radius 
would correspond to a minimum value of 
mass , given by 0m
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This would be, obviously, the smaller mass value 
for any macroscopic gravitational systems 
(black-holes, etc).     
          Now, just substitute Eq. (36) and Eq. (37) 
into Eq.(33), in order to obtain the expression of 
the Newtonian Force.  
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          The derivation of the Equations (31) and 
(39) via Eq. (9), shows clearly the unification of 
the Fundamental Forces of the Universe, i.e. 
shows that the nature of all the fundamental 
interactions is Gravitational.   
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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.

     Key words:  Interaction Gravitational, Casimir Force, Interaction between Photons. 

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 
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 is the variation in the particle’s kinetic momentum; 
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          Thus, an uncertainty  
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and therefore an uncertainty 
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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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  is called the Planck length, 
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,( the length scale on which quantum fluctuations of the metric of the space time are expected to be of order unity). Thus, we can write the expression of 

[image: image24.wmf]F


D


 as follows



[image: image25.wmf](


)


(


)


(


)


(


)


7


480


960


480


2


4


0


2


2


4


2


4


r


hc


A


l


r


hc


l


r


hc


F


planck


planck


D


÷


ø


ö


ç


è


æ


-


=


=


ú


û


ù


ê


ë


é


÷


ø


ö


ç


è


æ


D


÷


ø


ö


ç


è


æ


-


=


=


D


÷


ø


ö


ç


è


æ


-


=


D


p


p


p


p


or




[image: image26.wmf](


)


8


480


4


0


0


r


hc


A


F


÷


ø


ö


ç


è


æ


-


=


p




which is the expression of the Casimir force for 
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          Now, multiplying Eq. (8) (the expression of
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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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 (along the propagation direction), while the transverse extent of the probe beam waist had about
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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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, we can calculate the intensity of the gravitational force between two photons of the cloud, when the distance 
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 between them were, for example, of the order of 

[image: image39.wmf]m


m


1


, i.e., 



[image: image40.wmf](


)


11


10


16


N


F


-


»




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 (
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The Coulombian repulsive force between two protons in an atomic nucleus, considering that, 
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[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 
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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? 

          This possibility is reinforced by the derivation the Coupling Constants for the Fundamental Forces that we will make hereafter, starting from Eq. (9). 

          It is known that  the weak force,
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 is the weak force coupling constant, and 
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          Assuming that 
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 is given by Eq. (9), then  Eq.(15) can be rewritten as follows
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At 
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 (0.1% of the diameter of a proton), the weak interaction has a strength of a similar magnitude to electromagnetic force, 
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 [5]. Thus, making 
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This is the same value mentioned in the literature for 
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          Now, considering that 
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 is the electromagnetic force coupling constant, then we can write that 
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At the maximum range of the weak interaction, 
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, we have the minimum value of the weak force,
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, which can be expressed by  Eq. (16) or Eq. (18) as follows
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By comparing these equations, we obtain
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          Experimental data, describing the strong force between nucleons is consistent with a strong force coupling constant of about 1 [6]. Thus, making 
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The maximum range of the weak interaction, 
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Consequently, Eq. (23) reduces to
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this is the expression of the electromagnetic force coupling constant. 

         Multiplying 
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whence we obtain
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          Now, we will obtain the gravitational force coupling constant,
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, starting of the fact that the strong force,
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Then, we can write that
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          The relative strength of interactions varies with distance [8]. Here, starting from the fact that the strong nuclear force and the weak nuclear force  are gravitational forces expressed by Eq. (9), we have showed that,  at the range of about 10−15 m (
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) is approximately 137 times as strong as electromagnetic force (
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). All these values are in strong accordance with the values widely mentioned in the literature [9, 10], given below
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          Finally, we complete the unification of the Fundamental Forces of the Universe, by deriving from Eq. (9) the equations of the Coulombian Force and of the Newtonian Force.

          Consider two electric charges 

[image: image94.wmf]1


q


 and 

[image: image95.wmf]2


q


 separated by a distance 

[image: image96.wmf]r


. If we define the area 
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 in Eq. (9) by means of the following expression
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where 
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 is a constant to be determined, and 
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, then Eq. (9) can rewritten as follows
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Note that, the term in brackets is equal to 1 for  
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which is the expression of the Coulombian Force. 

          In a similar way, we can derive the expression of the Newtonian Force for two particles with masses 
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 in Eq. (9) by means of the following expression
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where 
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 is a constant to be determined, and 
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, is a minimum value of mass that will be calculated hereafter. Then substitution of Eq. (32) into Eq. (9) yields
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The term in brackets is equal to 1 for  
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Equation (34) can be rewritten as follows
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         Equation (35) shows that, the term 

[image: image115.wmf](


)


2


60


p


 is a pure number such as 

[image: image116.wmf]g


k


, and the term 

[image: image117.wmf]G


c


4


h


 is expressed in 

[image: image118.wmf]kg


 such as 

[image: image119.wmf]0


m


, then we can conclude that



[image: image120.wmf](


)


36


60


2


p


=


g


k




and




[image: image121.wmf](


)


37


4


0


G


c


m


h


=




          This expression it was first derivated by Hawking (1971) [11], and it is known as Hawking mass limit. Starting from the principle that the gravitational collapse is a process essentially classic, Hawking have concluded that black-holes could not exist with radius less than the Planck length 

[image: image122.wmf](


)


3


c


G


h


 (limit for which quantum fluctuations in the metric of the spacetime are considered of the order of 1). In this way, the minimum radius of Schwarzschild, 
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, would have this value and, to this radius would correspond to a minimum value of mass 
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This would be, obviously, the smaller mass value for any macroscopic gravitational systems (black-holes, etc).    

          Now, just substitute Eq. (36) and Eq. (37) into Eq.(33), in order to obtain the expression of the Newtonian Force. 
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          The derivation of the Equations (31) and (39) via Eq. (9), shows clearly the unification of the Fundamental Forces of the Universe, i.e. shows that the nature of all the fundamental interactions is Gravitational.  
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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  ���. 





� Similarly, the weak force is related to the electromagnetic force,� EMBED Equation.3  ���, by means of  the expression: � EMBED Equation.3  ���; and the strong force is related to the electromagnetic force, by means of  the expression: � EMBED Equation.3  ���; and the gravitational force,� EMBED Equation.3  ���, is related to the electromagnetic force, by means of  the expression: � EMBED Equation.3  ���. 
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