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Abstract. We look at what may occur if Boltzmann equations, as presented by Muramaya in 2007, Les Houches, are applied 

to graviton density in a pre Planckian universe setting. Two restrictions are in order. First of all, we are assuming a graviton 

mass on the order of 10^-62 grams, as if the pre Planckian regime does not change the nature of Graviton mass, in its low end.. 

Secondly, we are also assuming that a comparatively low temperature regime (far below the Planckian temperature) exist . 

Secondly we are leaving unsaid what may happen if Gravitational waves enter the Planck regime of ultra high temperature. 

With those two considerations, we proceed to examine a Graviton density value resulting from perturbation from low to higher 

temperatures. Either cyclic conformal cosmology as ventured by Penrose may be the genesis of a low temperature regime, or 

a multiverse.   
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i. Introduction 

     We will start off first, with the result of H. Murayama [1] as to an equilibrium number density, of 

Pre Planckian physics, just before the Planckian physics regime. In this work we wish to allude to several 

restraints on the following presentation. First, we look at temperatures far below the Plank Temperature 

scale. Secondly the heavy gravity graviton mass, roughly 10^-62 grams [2] is assumed to be invariant 

and not changing in spite of the transition from a cold pre Planckian state, to right after the big bang. 

The author leaves, as a future investigation if the invariance of presumed graviton mass is defensible 

given a cold to a hot cosmology regime. The cases of cyclic conformal cosmology [3] and a multiverse 

contribution [4]  to Pre Planckian physics are commented upon at the end of this document. 

       2. The Muramaya Result , i.e. Equilibrium number density with infinitesimal values to the   

LHS of Eq.(1) below. 

       Debatable as this may be, the assumption will be that what H. Muramaya postulated in [1] in pre 

Planckian physics is appropriate as a thought experiment.  Muramaya postulated that the conditions 

which exist are for light particles is a given, which would simplify a Boltzmann equation to have the 

form  
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Muramaya also postulates [ 1] that  
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The approximation we will use is that the right hand side of Eq.(1) is almost zero, i.e. 
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From here, we will fill in some would be parameters  

3. Looking at what is a range of would be values to insert in Eq. (3)  

First of all, assuming in Pre inflation mass (energy) and temperature a ratio of about, for  

                                                                                    5~ 10
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This would imply for a PrePlanckian density , for a Pre Planckian bounce radii of one Planck length [5,6] 

                                                                      10~ 10gravitons graviton countS                                                                 (5) 

4. Implications as far as single repeating universe, multiverse, and other issues.  

To start off with, we will be considering having  [7] 
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The relevant quantity to consider here would be, then , with Eq.(5), and [  6 ]   

                                                               ~i

Energy density graviton x gravitonx S m  
                                  (7) 

                                                       29 34 38 43~10 10 10 10x gravitonm eV GeV   

                                 (8) 

In terms of the multiverse, the expected result would be an input of the form of  

This value for the initial time step would be probably lead to Pre Planckian time , i.e. smaller than 10^ 
-43 seconds, which then leads us to consider, what would happen if a multi verse contributed to initial 
space-time conditions , then by [ 8  ] we would have a metric tensor contribution of for a single universe 
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But, then if one is looking at a multiverse, we first will start at the Penrose hypothesis for a cyclic 
conformal universe, starting with     [3,4] 
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 However, in the multiverse contribution to [4] 
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So, does something like this hold ?  In a general sense ? if N is the number of contributing multiverse 

single universes contributing to the beginning of space time, then we would be looking at [8] 
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   Then the contribution of the multiverse to the beginning   

                                                    

 
 

 

 

11

1

1 /
~

2

~ 2

&

~

graviton P P

tt tttt tt jj
jj

graviton P P

tt tt j
j

m l lN N E

E E V
gg

E E V

N
m l l

g









  
 

      
            

   

   




 
    

 





                   (13) 

And the graviton mass for a multiverse, would be then like  
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Then for multiverse there would be an energy density looking like, for all this 
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If so, there would then be a net Graviton based energy we would set up as given below which is a way 
to obtain, via a multiverse input to be as follows: 
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 of the following equation which we will then lead to setting the graviton frequency as following, with 

N the number of universe contributions to the new universe, and the frequency, as averaged out by 

                                                        
1

1 1

1

~
N

graviton tt tt j
j

N g 



 



 
    

 
                                                               (17) 

i.e. the fluctuation in initial time component of metric tensor would be primary way to obtain  initial 
graviton wave frequency. Per graviton 

5. Conclusion. Frequency and wavelength minimum for Pre Planckian gravitons. Importance of 
Multiverse. 

The conclusions of Eq.(17) are such that if we look at the value of h, i.e. strain, as given by Tong, Zhang 

Zhao,  Liu, Zhao,  and Yang [9]   , the following becomes a possibility, namely for a strain, one has 
an inversion of contributions from N contributing universes, in a multiverse generalization of 

the Penrose hypothesis, will lead to , if we look at 
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The contribution of the ‘strain’, in terms of the term  1

tt tt j
g    for each of the N sub set universes 

(of the multiverse) contributions , j = 1 to N, of metric tensor fluctuations 
ttg , as for each of the N 

universes, will mean that this fluctuation contribution is really almost a statistical averaging , since it is 
divided, by N after the N contributions of each  1

tt tt j
g   

conformal “resizing” is finalized. This Eq. 

(18) should be compared with Eq.(6) above, in terms of absolute magnitude , and will be , especially if       
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  used in Eq.(6). That will be done in the 

future, as far as research work initiated by the author. With 
 

2

6 Curvature measure

initial value

k
Riemann scalar

a






    

[ 7]  

Acknowledgements 
This work is supported in part by National Nature Science Foundation of China grant No. 11375279 

 



 

 

 

 

 

 

References 

[1] H. Muryama, “Physics Beyond the Standard Model and Dark Matter” , pp 289-347 , of Les Houches, Section LXXXV1, 

Particle Physics and Cosmology, the Fabric of Spacetime  Editors F. Bernadeau, G. Grojean, J. Dalibard, Elsevier, 

Amsterdam, the Netherlands, 2007; http://arxiv.org/pdf/0704.2276.pdf 

[2] A. Goldhaber, M. Nieto, “Photon and Graviton Mass Limits”, Rev.Mod.Phys.82:939-979,2010,  
http://arxiv.org/abs/0809.1003 

[3] R. Penrose, Cycles of Time: An Extraordinary New View of the Universe ,The  Bodley 

Head,London, UK, 2010 
[4] Andrew Beckwith,” Analyzing Black Hole super-radiance Emission of Particles/Energy from a Black Hole as a 
Gedankenexperiment to get bounds on the mass of a Graviton”, http://arxiv.org/abs/1404.7167;  Advances in High 

Energy Physics Volume 2014 (2014), Article ID 230713, 7 pages; http://www.hindawi.com/journals/ahep/2014/230713/     

[5]   Hal M. Haggard_ and Carlo Rovelli “Black, hole fireworks: Quantum Gravity effects outside the Horizon 
spark Black to White hole Tunneling”  http://arxiv.org/abs/1407.0989                                                                         

[6] Y. Jack  Ng, Y. Jack, “Holographic foam, dark energy and infinite statistics,” Phys. Lett. B, 657, (2007), pp. 10-14             
[7] A. Katti, The Mathematical Theory of Special and General Relativity , CreateSpace Independent Publishing , North 
Charleston, South Carolina, USA, 2013                                                                                                                                                      
[8] Andrew Beckwith, “Geddankenexperiment for Refining the Unruh Metric Tensor Uncertainty Principle Via 

Schwartzshield Geometry and Planckian Space-Time with Initial Non Zero Entropy and Applying the Riemannian-
Penrose Inequality and the Initial Kinetic Energy” , http://vixra.org/abs/1509.0173                                                  
[9] M.L. Tong, Y. Zhang , W.Zhao,  J.Z. Liu, C.S. Zhao,  and Y.G.Yang, “Using pulsar timing arrays and the 

quantum normalization condition to constrain relic gravitational waves”, Class. Quantum Grav. 31, 035001, 
2014; http://arxiv.org/abs/1311.7192 

 

http://arxiv.org/find/hep-ph/1/au:+Goldhaber_A/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Nieto_M/0/1/0/all/0/1
http://arxiv.org/abs/0809.1003
http://arxiv.org/abs/1404.7167
http://www.hindawi.com/journals/ahep/2014/230713/
http://arxiv.org/abs/1407.0989
http://vixra.org/abs/1509.0173
http://arxiv.org/abs/1311.7192

