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Consistent with special relativity and statistical physics, here we construct a partition function of space-time events. In this model, an observer O will perceive two horizons whose
entropy can be interpreted as hiding events behind it. The first is an event horizon, and its
entropy hides events in the regions that O cannot see. The second is a future horizon, and
its entropy hides future events until they occur. As there is no past horizon, an asymmetry
in time is thus created. Using Fermi-Dirac statistics, we find that the system essentially describes a ”waterfall” of space-time events. This ”waterfall” recedes in space-time at the speed
of light towards the direction of the future as it ”floods” local space with events. The model
augments the standard description of time given by the (non-relativistic) arrow of time to
one able to show the emergence of three macroscopic regimes of 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 regimes. Finally, the
speed of light, as a maximal speed, need not be assumed and is shown to be emergent in the
macroscopic sense of statistical physics.
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I.
A.

INTRODUCTION
Time

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
regard 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 causality (in the sense given by
special relativity) with the arrow of time, and if so what
insights are we rewarded with for our troubles? The answer is: yes, and quite a lot! First, let’s clarify the motivation.

B.

Problem 1: The direction of time

We recall the well-known thought experiment in which
Maxwell’s demon2–5 consumes good information to return a macroscopic system to some initial low-entropy
state. An observer might naively conclude that the
(macroscopic) arrow of time6 is reversed, but inspection
of the global system reveals that Maxwell’s demon produced entropy in amounts at least equal to the information consumed7–9 .
Taking the universe to be the global system, and subsystems to be local, equivalent thought experiments can
be produced. Borrowing terms from special relativity, we
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might say that the arrow of time holds globally, but not
locally. Gotcha! A global property in a non-relativistic
theory is bound to violate causality.
Resolving this issue is, of course, an interesting result
of the model. In the model, the arrow of space-time cannot be reversed by Maxwell’s demon, even locally, because the space-like entropy of the sub-system, associated with the system’s past, grows throughout the cycle
proportionally to the speed of light. The causal influence
of the system (which propagates at the speed of light in
all directions), is, in this model, the macroscopic system
that would need to be reversed by Maxwell’s demon to
change the direction of time. Thus, Maxwell’s demon
cannot succeed unless it violates the speed of light —
checkmate!
C.

Problem 2: Macroscopic time

If we were to only rely upon time-symmetric differential equations, there would be no meaningful difference
between the past, the present, and the future. Basically,
time would be a point on a line, and we could solve our
equations as far into the future or into the past as we
wanted. This is quite far from our day-to-day experience
of time.
Consistent with our macroscopic experience of time,
the arrow of time improves the connection between ”time
in the equations” and ”time in real life” by giving it a
direction favored by entropy. This is better, but, as we
will argue, not yet complete.
We will now scope our work by formulating some contemplation questions to elucidate what is missing from
the arrow of time, along with some leading questions to
guide the discussion towards the solution presented here.
We denote the rate of increase in entropy over time as
dS/dt, and an observer by O. Let’s start with two questions specifically related to the arrow of time:
1. A system can increase its entropy quickly (dS/dt 

