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Abstract: The difference between two consecutive prime Kaluza-Klein (KK)   modes is defined as the 

distance between the primes KK modes. We study the statistical properties of the distances and their 

increments (the difference between two consecutive distances) for a sequence comprising the first 710  

prime KK modes. The information entropy production for prime KK modes may open a window for 

extra dimensions ruled out by experiments. 
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Kaluza.T (1921) proposed that the four-

dimensional space-time should be 

supplemented with a fifth dimension, in order 

to give a unified account of the gravitational 

and electromagnetic interactions, the only 

two basic interactions known at the time[ 1]. 

Although the physical effects of gravity and 

electromagnetism are seemingly very distinct 

(all particles are subject to gravity, but only 

charged particles are subject to 

electromagnetism),  Kaluza showed that both 

can emerge as different manifestations of a 

five-dimensional General Relativity (GR). In 

this theory point particles move along 

geodesic lines in a five-dimensional Riemann 

space-time V5 and these trajectories are seen 

in V4 as trajectories of particles subject to 

both gravitational and electromagnetic forces.  

 

Today we search for Kaluza-Klein excitations 

using the Large Handron Clollider at CERN 

[2-8]. Fascinating generalizations of Kaluza-

Klein’s hidden dimensions, such as Calabi-

Yau (CY) manifolds, are able to dispose of 

several extra dimensions required by the 

string theory [9], [10]. However there is no 

experimental evidence for string theory. 

 

Recent reports indicate that many physical 

and biological systems exhibit patterns where 

prime numbers play an important role. 

Examples range from the periodic orbits of a 

system in quantum chaos to the life cycles of 

species [11-16].  

 

Recent work reports on a potential for which 

the quantum energy levels of a particle can be 

mapped onto the sequence of primes [17]. 

Furthermore, it has been shown that a gas of 

independent bosons with energies equal to the 

logarithm of consecutive primes possesses a 

canonical partition function coinciding with 

the Riemann function [18]. 
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In this letter the prime KK modes is defined 

as follows: MpLc p꞊, where p is a prime 

number, Mp is the mass of a prime KK mode 

and Lc is the length of the compact extra 

dimension. 

 

Following Pradeep Kumar et [25], the 

partition function of extra dimensional system 

with energies equal to the distances between 

two consecutive prime either fermionic or 

bosonic KK modes behaves like a set of non-

interacting harmonic oscillators in four 

dimensions [19],[25].  

 

The power-law behavior in the distribution of 

primes and correlations in prime KK modes 

have been found [20],[25] along with 

multifractal features in the distances between 

consecutive primes KK modes [21],[25].   

 

Here, we focus on the statistical properties of 

the distances between consecutive prime KK 

modes and the increments in these distances 

[Fig. 1]. 

 

 
Fig. 1: Distances between consecutive prime 

KK modes (indexed sequentially) and their 

increments. (a) The first 
410  distances 

between consecutive prime KK modes. (b) 

The first 
410  increments: ([Pradeep Kumar et 

all arXiv: cond-mat/0303110 v4 8 Apr 

2003]). 

Since the distribution of distances is well-

studied, we discuss the occurrence of 

increments between consecutive distances 

[25].   

 

Here the production of the information 

entropy due to prime KK modes that 

coincides with the Riemann function 

[18],[25] is independent from the coupling of 

prime KK modes to the energy scales probed 

by a four-dimensional observer [22], [23], 

[24],[25]. This proposal may open a window 

for extra dimensions ruled out by 

experiments. 

 

 

References 
 

 
[1].Kaluza T. 1921 Zum unit¨atsproblem in der 

physik Sitzungsber. Math. Phys. K 1 1966 Preuss. 

Akad. Wiss. Berlin. 

 

[2].Davoudiasl. H, Hewett. J.and RizzoT. 2000 

Phys. Rev. Lett. 84, 2080. 

 

[3].Davoudiasl. H, Hewett J. and Rizzo.T 2001 

Phys. Rev. D63, 075004.  

 

[4].Hewett.J., Spiropulu.M, 2002 Preprint hep-

ph/0205106  
 

[5].Cheung.K., Landsberg G. 2002 Kaluza-Klein 

States of the Standard Model Gauge Bosons: 

Constraints From High Energy Experiments  

Preprint hep-ph/0204031  

 

[6].Hoyle C. et. al 2004  Phys. Rev. D 70,042004  

 

[7].Smullin.S.J. 2005  Phys. Rev. D 72, 122001. 

 

[8].Kapner D.J Cook.T.S, Adelberger.E.G, 

Gundlach.J.H, Heckel.B.R, Hoyle.C.D 

Swanson.H.E 2007 Phys.Rev.Lett. 98 021101. 

 

[9].Bouchard.V, Donagi.R. 2006 Phys. Lett. B 633 

783. 

 

[10].Chaudhuri S, Hockney G, and Lykken.J.D 

1996 Nucl. Phys. B469, 357. 

 

[11].N. Argaman, F.-M. Dittes, E. Doron, J. P. 

Keating, A. Yu. Kitaev, M. Sieber, and U. Smi-

lansky, Phys. Rev. Lett. 71, 4326 (1993). 

 

[12].E. Goles, O. Schulz, and M. Markus, 

Complexity 5, 33 (2001). 

 



High Energy and Particle Physics  October 4, 2014 

 3 

[13].M. Planat, Fluctuation and Noise Letters 1, 

R65. 

 

[14].C. M. Ko, Chaos, Solitons, and Fractals 13, 

1295 (2001). 

 

[15].S. R. Dahmen, S. D. Prado, and T. Stuermer-

Daitx, Physica A 296, 523 (2001). 

 

[16].R. L. Liboff and M. Wong, Int. J. Theor. 

Phys. 37, 3109 (1998). 

 

[17].J. Toha and M. A. Soto, Medical Hypothesis 

53, 361 (1999). 

 

[18].G. Mussardo, Preprint ISAP/EP/97/153 

(1997), available as cond-mat/9712010. 

 

[19].B. Julia, Statistical Theory of Numbers 

(Springer, Berlin, 1990). 

 

[20].M. Wolf, Physica A 274, 149 (1999). 

 

[21].M. Wolf, Physica A 241, 493 (1997). 

 

[22].M. Wolf, Physica A 160, 24 (1989). 

 

[23].H. Davoudiasl, J. Hewett, and T. Rizzo, Phys. 

Rev. Lett.84, 2080 (2000). 

 

[24].H. Davoudiasl, J. Hewett, and T. Rizzo, Phys. 

Rev. D63, 075004 (2001). 

 

[25].Pradeep Kumar et all arXiv: cond 

mat/0303110 v4 8 Apr 2003. 

 

 


