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In accordance with the domain of special relativity, we construct a partition function of
statistical physics over space-time events. We then study it in the context in time and space,
and show that it reformulates the traditional arrow of time to an arrow of space-time. Using
Fermi-Dirac statistics, we find that the new arrow essentially describes a ”waterfall” of spacetime events. This ”waterfall” recedes in space-time at the speed of light towards the direction
of the future as it ”flood” local space with events. The framework augments the standard
description of time given by the arrow of time to one formally able to distinguish between
three ”modes” of macroscopic time: the past, the present and the future, represented by
space-like entropy, light-like entropy, and time-like entropy, respectively, and in a manner
consistent with our experience of said modes.
Keywords: Statistical Physics, Special Relativity, Arrow of Time
I.
A.

INTRODUCTION
From statistical physics to special relativity

The connection between time in statistical physics, and
time in special relativity is well established1 . In the one
hand, we have the statistical emergence of a macroscopic
arrow of time, and in the other, we have a causal relationship between space-time events limited by the speed
of light. As most other theories consider time to be little
more than some reversible variable, the claims made in
regards to time by these two theories pack quite a lot of
heat (figuratively). Thus, to further investigate the nature of time, a promising avenue might be to ask; what
about time in ”statistical physics ∪ special relativity” —
is it possible to combine relativistic causality (i.e. the
speed of light) with the arrow of time, and if so what
insights are we awarded with for our troubles?
The answer is: yes, and quite a lot! First, let’s see
clarify the motivation.

B.

Insights regarding the arrow of time

We recall the well-known thought experiment in which
Maxwell’s daemon consumes good information in order to
return a macroscopic system to some initial low-entropy
state. An observer might foolishly conclude that time is
reversed in the sub-system, but inspection of the global
system reveals that Maxwell’s daemon produced entropy
in amounts at least equal to the information consumed.
Taking the universe to be the global system, and subsystems to be local, equivalent thought experiments can
be produced. Burrowing terms from special relativity,
we might say that the arrow of time holds globally, but
not locally. But gotcha! A global property in an nonrelativistic theory is bound to violate causality.
Resolving this issue is, of course, an interesting result
of the arrow of space-time. But, the main result offers
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more. The framework augments the standard description of time given by the arrow of time to one formally
able to distinguish between three ”modes” of macroscopic
time: the past, the present and the future, represented
by space-like entropy, light-like entropy, and time-like entropy, respectively, and in a manner consistent with our
experience of said modes.

C.

Outline

Let us now consider two different approaches that we
could use to combine the two theories.
One approach is to make the standard quantities of
statistical physics (entropy, temperature, etc.) Lorentzinvariant. Using this methodology, we are rewarded with
frame-independent partition function. The result of this
approach yields non-relativistic statistical physics in the
limit c → ∞. This is the approach taken by Giorgio
Kaniadakis2 .
Another approach is to seek a statistical ensemble
whose macroscopic description relates to special relativity. As special relativity is concerned with the relationship between space-time events, this approach thus elect
to make special relativity emergent (via an equation of
states) from a statistical ensemble of space-time events.
In this case, special relativity is an emergent behavior
caused by the random statistics of space-time events.
The latter approach is the one that will be taken in
this paper. Not only does it paints a seductive picture of
time and space, it further shines in regards to its ability
to explain the nature of macroscopic time.
Using a Fermi-Dirac statistics over an ensemble of
space-time events, we show (section III A) that the spacetime counterpart to the arrow of time is a ”waterfall of
events”. Like the arrow of time, it too has a direction;
it recedes in space-time at the speed of light towards the
direction of the future (section III B). Furthermore, as
it recedes, the waterfall of events floods the present with
immediate events and depletes the past of events. As
we will see, this behavior gives immense insight into the
nature of time (section III C and III D) by connecting
the macroscopic notions of the past, the present and the

