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Abstract: If we suppose that particles were ever to be observed, with any certainty, as travelling 

faster than light, there is at least one alternative to calling for an immediate redaction of Special 

Relativity.  Herein, this potential philosophical alternative is addressed.  By asking questions 

about the nature of motion, questioning what is meant by “travel,” it may be possible to arrive at a 

different understanding of the word.  The importance of this comes by way of a philosophical 

scenario that may give some insight into two problems, one potential, one actual, namely, faster-

than-light particles (or signals) and the GZK cutoff, respectively.  Consequently, some implied 

suggestions are made regarding the metaphysical constitution of spacetime.
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1. Introduction 

In regard to recent reports of possible faster-than-light particle velocities, it is important 

to approach the possibility with a contemplative mindset and willingness to question how this is 

possible.  The contingent calling for change will invariably cite the equation for relativistic mass 

increase with respect to velocity: 

(1) m=mo/√[1-(v
2
/c

2
)] 

Therefore, this equality is the most likely place to begin looking for how faster-than-light travel 

is possible. 

 

2. Thought Experiment 

Suppose a putative particle, a mass, is traveling through space, relative to an observer, call her Q.  

According to Special Relativity (equation 1), at each instant that the velocity is increased, the 

mass will increase.  At any interval, where there is no acceleration, the particle will have mass, 

m, and will take up some amount space, call it ρ, where ρ is comprised of dimensions ℓ, w, and 

h.  That is, we have the relationship: 

(2) D=m/ρ 

Inserting (1) into (2), we have: 

(3) D=(mo/√[1-(v
2
/c

2
)])/ρ 

The other item that needs considering is that fact that, as relativistic velocity increases, the 

length, ℓ, will contract: 

(4) ℓ=ℓo√[1-(v
2
/c

2
)] 

Putting (3) into (4) yields: 

(5) D=(mo/√[1-(v
2
/c

2
)])/(whℓo√[1-(v

2
/c

2
)]) 
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or 

(6) D= mo/( whℓo[1-(v
2
/c

2
)]) 

From this, one understands that the density will not only increase with increased velocity, but the 

graph will not be a linear correlation. 

 
Figure 1: Heuristic graph (x= density, y= velocity), indicating that there should some location where the relativistic 

density (D) of a particle, Q, reaches black hole proportions, based on the proportionality of D α v as vc.  The red 

dot represents the critical density, based on macroscopic considerations. 

 

There should be a velocity, whereby the relativistic density of a relativistic particle reaches that 

of a black hole.
2
  For starters, the following density may be considered: 

(7) D=Mc/V=Mc/[(4π/3)(2GMc/c
2
)
3
] 

Here, Mc denotes the Chandrasekhar limit of about 1.44 solar masses.  Equation (7) reduces to: 

(8) D=3c
6
/(32πG

3
Mc

2
) 

What this suggests is that, while (8) may not be the infimum for the set of possible densities for 

non-rotating black holes, understanding that this is the critical density in creation of such black 
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 Consequently, for the purposes of this paper, this density is referred to as the “critical” density, entirely unrelated 

to nuclear physics. 
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holes by the overcoming of neutron degeneracy, there appears to be a critical mass-energy 

density.  That is to say, we have established that there is a density which should concern us on 

the above graph, which is illustrative of the relativistic densities of a putative particle.  The 

central question for this hypothetical scenario is: What happens to the particle, when its 

relativistic density reaches that of a black hole?  If one admits that the particle simply becomes a 

black hole, then there might be a problem; namely, that, within the reference frame of the 

particle, though having undergone a small acceleration to achieve this density as viewed by an 

external reference frame, an observer in the particle’s reference frame would have fallen into a 

black hole.  Is this right?  Certainly, the reasoning seems consistent enough.  However, for the 

sake of entertaining an additional idea, which may be more consistent in the end, the 

consideration of an alternative might be useful.  It is well worth keeping in mind that a particle 

that accelerates to near-light speeds and a black hole have one major difference, and that is in 

nature of the form of energy responsible for the curvature of space. 

 The final item that needs considering is that we have chosen a theoretical value to 

establish a critical relativistic density, but this might not be, as stated above, the infimum of the 

set of all critical values.  With respect to quantum mechanics, it is difficult to establish what 

additional considerations need to be made, as the above considerations were entirely in the 

macroscopic realm.  That is to say, the values required for this phenomenon appear to be 

astronomically large, but quantum mechanics may admit for a much smaller critical density, 

given any number of consideration; chief among these might be the de Broglie wavelength.  

Consequently, it is reasonable to expect a much smaller value for the critical density, and, 

therefore, a much smaller value for velocity.  Most importantly, a lower threshold velocity for 

critical density may be considerably smaller, because Pauli Exclusion seems irrelevant to this 
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scenario, considering that actual black holes necessitate the overcoming of neutron degeneracy, 

which will not be a prohibitive factor in the scenario of relativistic density increase. 

 

3. Observation & Conundrum   

If one views inertial reference frames as a store for energy, then the issue with the 

relativistic particle is that there is no way for it to dissipate energy.  Virtually every physical 

system that is viewed as storing energy has some modus operandi by which it can dissipate its 

store, whether this is dielectric breakdown or Hawking radiation, or whatever.  The alternative 

submitted, here, for consideration is the disregard of classical notions of “travel,” so that a 

nonlocal form of energy dissipation is permitted, the idea being that there is global energy 

conservation.  The classical definition of “travel” refers to occupation of an object at every point, 

where each point corresponds to some time.  That means that “travelling” involves the 

occupation of every point along a spatial interval, where the locations on a spatial interval 

correspond to points on a time interval.  This is sometimes called the “at-at” theory (Huggett 50).  

Instead of the “at-at” theory, which appeals to commonsense, it may be worthwhile to entertain 

the notion that particles can skip through space, passing over distances without having occupied 

each location along the way.  Before considering this an outlandish impossibility, one must recall 

that this is essentially equivalent to Gamow’s idea of how alpha particle emission is possible, 

although there are differences. 

To be clear, the suggestion of adopting such an unusual notion of travel is not empirically 

unfounded.  That is, there may already be some indication that this is occurring.  Relativity 

predicts that Earth should not be receiving Cosmic Rays, because the GZK cutoff energy tells us 
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that “It takes a small number of mean free paths for the proton energy to degrade… (Hartle 96).  

The idea is that Cosmic Rays should lose energy, as the protons collide with CMB photons: 

(9) γ + p  n + π
+
 

or 

(10) γ + p  p + π
0
 

Given that, using three-momentum, Relativity suggests that none of these Cosmic Rays should 

avail themselves of Earth, it is a matter of debate as to why such high energy protons are 

reaching Earth without an obvious source (Takeda 1166).  These protons are either coming from 

within the local vicinity, or they are not.  If the former is the case, a source is necessary.  If the 

latter is the case, how it could be so is of primary importance.  Since no source has yet been 

found near Earth, it seems slightly more reasonable to lean toward the possibility that the protons 

are coming from elsewhere. 

 If the “at-at” theory of travel
3
 is in need of replacing, as suggested, then discontinuities in 

what is traditionally conceived of as travel will occur.  This is not an entirely new concept, either 

(Maiorino 12).  In fact, it seems to be the case that, for anything not adherent to the speed limit 

of c, that thing is not dependent upon spacetime for its transmission (Maudlin 194).  Therefore, 

in such cases, taking the simple, classical average of velocity over the interval will yield a 

calculation that exceeds the velocity of light, which is not really the case.  Instead, the travel will 

be, at times, discontinuous, and may be thought of as having skipped a distance for the sake 

some amount of energy dissipation, the dynamics of which are wholly dependent upon factors 

other than the path taken. 

                                                           
3
 To be clear, we are talking about particle Q travel from A=(xi,yi,zi,ti) to B=(xf,yf,zf,tf) along path [A,B], whereby Q 

exists at all (x,y,z,t) along an arbitrary geodesic, such that [A,B] is continuous and differentiable. 
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4. Conclusion 

The resolution to the GZK cutoff mystery, and any future appearances of faster-than-light 

particle travel, might be the result of energy dissipation, such as the kind described in section 2.  

Since there is a critical mass density, which curves spacetime to form a black hole, then there 

might be a lower threshold for density that permits energy dissipation.  Well within reason is the 

suggestion that a smaller threshold —a lower critical density— permits easier dissipation of 

energy and the capacity to skip over long distances.  Of course, that such were the case it would, 

in an instant, bring about the asseverating of multiple claims for the metaphysical structure of 

spacetime, globally and locally.  Nonetheless, Cosmic Rays somehow have the capacity to avoid 

extinction, reaching Earth as though there is a source in its galactic neighborhood, which, by all 

standards and measures, seems not to be the case.  Therefore, the idea that relativistic particles 

are capable of dissipating energy, passing over large distances of space, without actually 

“travelling” over them, in the “at-at” sense, seems worthwhile in giving it some consideration.  

The immediate consequence of this is that there may be an ostensible violation of the natural 

speed limit, the speed of light. 
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