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Abstract

Some physics is advanced to argue it is not possible for humans or any intelligent life to completely simulate
the universe. This preserves some element of scientific objectivity, for we have a measure of confidence that we
are not avatars in a simulation and the universe is a natural system. There are then certain limits to growth
humans and any Information Gathering Using System (IGUS) system is limited in its ability to acquire energy
and information.

1 Introduction

The future prospect for the human race must be weighed on the basis of a number of contingencies. Clearly in
the Everett Many Worlds Interpretation of quantum mechanics all possible outcomes in fact exist[1]. This essay
discusses primarily physical limits, such as physically permitted events in the world and contingent problems that
face humanity. Those physical constraints include issues from faster than light travel, likely not possible, to the
question of whether it is possible to plan our future. Contingent matters involve questions of our sustainability on
Earth, problems of energy and climate change, and whether the large population of humans can exist for more than
a century or so into the future.

This paper is written primarily about cosmic physical limits. This is partially an excuse for advancing some
new physical theory. This paper is also a critique of certain highly speculative ideas which border on science fiction.
This physics indicates certain fundamental limits on quantum information that may be accessed by any observer
in the universe. Our species is a local communicating network of observers, local to one planet, and there is a
cosmological event horizon that prevents us from observing infinitely far into space. This means we can access only
a finite number of bits or qubits in the universe, even though that number appears very large.

More contingent questions address the point that our future is most likely limited and short term. Our species
appears to be heading rapidly into a possible catastrophe where we exhaust this planetâs ability to support us. This
difficulty will most likely impact us sooner than any plausible space migration can take shape. Further, environments
in outer space are far more forbidding than almost anything on Earth, and currently even with population and
pollution problems nobody is eagerly lined up to immigrate to Antarctica to “escape”these problems on a virgin
continent. Migration into space is likely to be similarly severely limited for the foreseeable future. Currently
our species is taking little action with respect to our energy/entropy situation on this planet. That may change
once these problems become sufficiently apparent or dire. Whether these problems are addressed properly, such as
geoengineering, in time is unknown.

This is further complicated with the doomsday argument, which is a probability argument for the end of the
human race based on the number of human beings that have ever lived and for how long. This is based on Gottâs
formula, which assumes a future time period available based on the past [2]. This argument advances a Bayesian
prior estimate based on the past time scale, but I argue that this prior can only be credible if the proportion of
humans alive now relative to those in the past is taken into account. Time does not select unique events, but events
occur within time independent of any time scale. Temporal contingencies have to be included in the argument. At
no point in the natural history of this planet has there ever existed an animal of our size and dietary requirements
that numbered over 7 billion at one time. Velociraptors were dinosaurs about the size of a human, where for all their
ferocious predatory capabilities probably never numbered more than a few million at one time. This astounding

1



situation with our species is further compounded by our enormous demands on auxiliary resources beyond our
metabolic and nutritional needs. This augments the doomsday argument by potentially making the prior estimate
more reasonable. The doomsday argument has some merit to it, but the prior estimate employed appears arbitrary.
However, in some general sense the argument is worth keeping mind of.

The question in the end is whether this in fact might be a good thing. We are in age where the ability to
simulate the world is very advanced, and will advance much further. Further, the interface between human brains
and computers is becoming very close. For an overview of the brain-computer interface (BCI) see [3]. BCI is an
experimental science and it is a matter of time before this is commonplace. People will before long embrace this
eagerly, just as people now spend many hours a day on smart phones. It means soon the ability to simulate the world
and to experience that virtual world directly through the brain will become reality. At some point the human mind
itself might be simulated or uploaded into a cyber network. The distinction between reality and virtual reality could
well become increasingly lost in the near future. It may then become questionable whether the entire universe we
observe is not some grand simulation. The game masters might be humans, or they might be other extraterrestrial
life forms, and we may be avatars in this game, much as with the move “The Matrix.“Without limits on this sort
of development we canât know whether the world we observe is ultimately just a computer game run by unseen
programmers or superagents.

This would be a catastrophe for any possible objectivity to science. The universe we observe has entropy
∼ 10120bits/qubits, based on the bound imposed by the cosmological horizon. This is all that can be accessed so it
is not possible to simulate a universe with a larger number of quantum bits. This limit is imposed for two reasons.
The first is no observers can access more information than this. The second is that a black hole is the smallest
region in which information can be contained, and any computer coming within a tiny fraction of this capability
would be a black hole if it is local to a spatial region. The only “computer”capable of simulating the universe is
the universe itself. The ability to simulate a coarse type of universe is possible of course. However, the “seams”in
the design are apparent in any observational procedure that acts as a virtual reality Turing test.

2 Information access in the universe

Newton’s laws of mechanics are capable of working with crude models of cosmology. Of course general relativity
is more powerful, but for brevity Newton works very well. It is possible to derive the basic energy equation of
cosmology with just E = 1

2mv
2 − GMm/d2. This is done by considering the distance d according to a scale

factor a, that adjusts a ruler measure x to give the distance d = ax. The velocity of any galaxy is then v = ȧx.
The mass m is irrelevant and the mass M is all of the mass contained in a volume V = 4π

3 d
3 with density ρ. The

conservation of energy is

E

m
=

(
ȧ

a

)2

− 8πGρ

3
. (1)

This is a form of the Friedmann-Lemaitre-Robertson-Walker (FLRW) equation [4]. Now set E = 0 and this
is similar to the form derived by general relativity with the term −k/a2 missing with k = 0 corresponding to
the flat spatial universe. The curvature in the universe is contained in the time portion of the spacetime, and
this curvature is completely compatible with a Newtonian description. This equation is according to the Hubble
parameter H = ȧ/a [4] that is a constant on a spatial manifold with this special frame where Newton’s laws work.

This leads to a number of models. If the density is given by ordinary matter then ρ = r a−3 for r a constant.
The energy equation is

ȧ = a−1
√

8πGr

3
. (2)

The dynamics can be seen by letting the scale parameter depend on time as a ∝ tn so that a(t) = cet/2, where
the constant c may be fit to the theory. Another choice for the density may be radiation. The energy of massless
bosons or photons scales as E ∼ 1/a and ρ ∼ a−4 called Wein’s law. The scale factor is a(t) = ce2t/3. This is
one reason the earlier radiation dominated period of the universe gave way to the current matter dominated period.
The Cosmic Microwave Background radiation is the remnant signal of the radiation dominated period that ended
3.8× 105 years after the big bang.

The universe is accelerating outwards. This corresponds to the existence of a constant quantum vacuum energy
in the universe which gives a cosmological constant. In this case the density ρ is constant. This means that for
k = 8πG/3 the scale dynamics is a(t) = a0e

kt. This is an approximation to a de Sitter spacetime [4], and models
the current universe now dominated by dark energy, a form of quantum vacuum energy. What is mysterious about
dark energy is it is not possible to account for the cosmological constant based on quantum field theory.
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The energy of a quantum system is HΨ[g] = EΨ[g], which is set to zero. This is the constraint which sets
the time dependent part of the Schroedinger equation to zero i∂Ψ[g]/∂t = 0 in the Wheeler DeWitt (WDW)
equation [5]. This means the source of the gravity field can’t be localized in general, and can only be localized
in a spacetime that is asymtotically flat and removed from any mass-energy source. This is a general relativity
Gauss’ law where it is not possible to assign a Gaussian surface in any consistent way. The Hamiltonian does not
correspond to time in a standard manner, even though time is defined on the spatial surface for a Hubble frame.
The occurrence of time is a local effect. Assume the state vector |ψ(t)〉 ∈ HA is found from the global state
by projecting onto the WDW state vector |Ψ[g]〉 with a state |φ(t)〉B . This means the WDW state vector is in a
Hilbert space H = HA ⊗ I + I + HB and the state vector on either subspace can project state vectors in the
other. Hence the B state |φ(t)〉B = e−iHBt|φ(0)〉B can act on |Ψ[g]〉

|ψ(t)〉A = B〈φ(t)|Ψ[g]〉 = e−iHAt|ψ(0)〉A. (3)

Time is a local emergent process for clocks with different Hamiltonian evolutions in separate regions as seen by
local observers.

Consider the cosmological constant a function of a scalar field Λ = 8πGρ/3 = Λ(φ, φ̇). The spatial dependence
of the field is considered zero. The Higgs bundle is a holomorphic vector bundle and a Higgs field (E, φ). Here
φ a holomorphic 1-form with values on the vector bundle and F − φ ∧ φ = 0[6]. The case for F = 0 is the
abelian case on C and the nonabelian case SL(2, C) is a case of a Yang-Mill (YM) theory. The nonabelian case
gives the gauged equations dAφ = 0 and dA ∗φ = 0, ∗ the Hodge star operator, in addition to the above Hitchen
equation[7]. The N = 4 super YM based on a compact Lie group defines the gauge potential A and the Higgs
field is a 1-form given by the adjoint action of the bundle E.

The Higgs bundle is defined in two dimensions on U ⊂ R2 in Euclidean coordinates x1, x2, so the Hodge star
operation gives ∗dx1 = dx2 and ∗dx2 = −dx1. In complex polar coordinates x1 + ix2 = ρeiθ. The maximal
torus of the gauge group G with algebra g has the torus group t. For elements f, g, h ∈ t the Hitchen’s equations
have the solution[7]

A = f dθ

φ = g
dρ

ρ
− h dθ. (4)

This bundle gadget connects to spacetime through a target map, and the two one-forms above are mapped to two
one-forms in spacetime. If the spacetime is self-dual the two one-forms in the gadget (E, φ) are mapped onto the
other two one-forms. This generates the connection forms in general relativity ωµ = Γµνσe

σdxν , µ = 1, 2, 3, 4.
This is used to work a model with Γ = Γ(χ, χ̇), where χ is the scalar field or inflaton.

The field two form is F = 2πfΩ2 that is computed as F = dA, and where the gauge connection computes
the Wilson loop W [c] = exp

(¸
c
A
)
. The dual form ∗F = 2π ∗ fΩ′2 is defined on a set U ′ which is a dual[8]. The

component of the field two-form f component on the set U ∩ U ′ defines the curvature two-form

f : U ∩ U ′ =

ˆ
M4

f ∗ fΩ2 ∧ Ω′2, (5)

The curvature two-forms F and ∗F compute W [c] and W [c′] over the two-chains within a connected region. These
construct two scalar fields that are evaluated on a Fock space |En〉 = χ|n〉 and |E′n〉 = χ′|n〉. These fields are
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evaluated on two curves which may extend into different region on the manifold by nonlocality. The two curvature
components are elements of Hilbert spaces similar to HA and HB above. The two fields construct an entangled
state

|ψ(β)〉 =
∑
i

eEiβ/2|Ei〉 ⊗ |E′i〉. (6)

The two Wilson loops form a Hopf link that is by the knot polynomial C(L+) − C(L−) = z0C(L0) related to
the two trefoil knots with opposite orientations. The knot polynomial evaluates the Chern-Simon Lagrangian that
under a coboundary operation evaluates an amplitude of the two curvatures 〈f ∗ f〉. The path integral over the
link computes the mutual information of the two loops. For the two loops largely in regions A and B the mutual
information defined by the fields is

I(A, B) =
(〈f ∗ f〉 − 〈f〉〈∗f〉)2

|f |2 | ∗ f |2
(7)

This is equivalent to a spacetime interval between the two regions[9]. The entanglement between the two regions
is 〈f ∗ f〉 ' tr T 2e−|x−x

′|, for T the stress-energy tensor. This corresponds to the strength of the interaction
between the two regions as a determinant of the entanglement between them.

The set of discrete operators due to the torus have a set of dual symmetries. The most important is the S-duality
of the electric and magnetic field with the coupling parameter τ = θ/2π + 4πi/g2. The self dual and anti-self
dual portions of the curvature F±ab = 1

2 (F ± ∗F ) ∼ f ± ∗f gives the action

S = − i

8π

ˆ
M

d4x
√
g
(
τF+

abF
+ab − τ∗F+

abF
+ab
)
. (8)

For gravitation we replace F±abF
±ab → Rabgab. The loss of the amplitude 〈f ∗ f〉 for two dual Wilson loops that

cover two different regions, means the loss of global entanglement and the reduction of the field amplitude to purely
local fields. Standard QFT is local in this manner, while it is understood that quantum gravity must be a nonlocal
QFT.

S duality S : τ → −1/τ exchanges position variables with momenta, or E with B. The exchange of two
conformal YM fields is also associated with the change in scale in the universe, from physics at the Planck scale
to physics at the cosmological scale. The above QFT nonlocality means entanglement that constructs spacetime
implies an uncertainty in localizing qubits on a cosmological scale. The STU duality and the role of the gauge field
means the SYM is a Yangian, and the duality concerns the Planck scale[10]. The duality implies the Planck scale
limit on the ability to isolate a qubit scales to the universe at large. This is a limit to the amount of information
available to any observer on cosmic distances.

The ultimate scattering experiment is the universe or big bang itself. The distribution of matter in the universe
is a grand scale version of the track finding in a particle detector, such as the ATLAS and DMS at the LHC. The
universe, along with its CMB temperature is the ultimate scattering process and our observation of this a readout
from a type of calorimeter. This distribution on a grand scale is an information set that contains the physical
principles that are knowable. Information about the anisotropy of the CMB may contain imprints of the earliest
gravitons and supergravity, and evidence of unification and . . . , which is what a detector looks for. Detectors do
not observe the direct interaction, but the low energy decay products from these interactions. Our entire universe
as a natural system is just the low energy results of the ultimate scattering process.

3 Implications for intelligent life

There have been many speculations about hyper-civilizations, or in the case of Extra Terrestrial Intelligence (ETI)
some form of a “collective,” that has the ability to manage energy and as a result information on ever grander
scales. There are various ideas about intelligent life able to manipulate their home planet as a type I civilization,
their home star as a type II, and the resources of an entire galaxy in a type III civilization. This Kardashev scale
[11] presumes unbounded growth for any IGUS, where the term civilization simply refers to any type of collective
structure intelligent life might exist in. It would be presumptive to assume all intelligent life in the universe exists in
what we would call civilization. Boundless growth by any IGUS may be extended to type IV collectives that manage
all mass-energy available in the observable universe. A type V collective are able to create cosmologies of their own
design, and able to manage the multiverse. The type IV and V civilizations tend to imply faster than light travel,
which is problematic. The invariance of the interval and its correspondence with unitarity of quantum mechanics
makes these ideas problematic. Given the rate of economic and energy growth of the human race faster than light
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travel implies we will consume the entire observable universe in the next few million years. The calculation is left
as an exercise.

The type II civilization could use some stellar energy to simulate worlds. The energy rate is comparable to
1033erg/sec or 1026watts. It this were used to simulate a world it could then devote as much as 1040ergs to this
simulation, which is up to around 1025qubits. This corresponds to a Dyson sphere that drives a massive computer,
or Matrioshka brain[12]. This is around 100 orders of magnitude smaller than the energy required to completely
simulate a cosmology. Given the Earth is ∼ 1024 kg, a Matrioshka brain could manage a set of bits/qubits
comparable to the complexity of around 1% of the Earth. A highly complex simulation of a world is then possible
that would be difficult for its internal avatars to distinguish from reality. This sort of reality might represent the
sort of virtual world in the “Matrx” movies. Observers generated in such a world would uncover the fact they are
in some sort of fabrication. The degree of complexity would be sufficiently low that avatars or observers in this
matrix would find they are in a designed world built by a super-agent.

A type II collective would be able to simulate a universe according to the data that can be holographically
contained on the event horizon of a black hole [13] with a diameter of ∼ 10−3cm, and with a Hawking temperature
around ∼ 1K. The type III collective would be able to generate 1037 watts or 100 billion times that of a type II
collective. This type of advanced IGUS would be able to generate a virtual world proportionately more complex, if
all that energy is directed into some mass Matrioshka brain. The holographic equivalent is a black hole of around
108 solar masses. It would then be feasible to generate a world that would have the complexity of the solar system
and the nearby interstellar neighborhood in complete or near complete detail. The far regions of the universe would
be virtual images observed as radiation incident on a planet harboring the avatars, presumably in our case planet
Earth. It would be difficult for the avatars in this virtual world to determine whether they are or are not beings in
a matrix style game. We humans are at a technological level where we could determine whether we in a Matrioshka
brain of type II to type III civilization. The scientific program of uncovering the nature of the observable universe
is a virtual reality Turing Test.

There are higher IGUS, type IV and V, are capable of synthesizing entire cosmologies, and presumably have
mastery or control of an inflationary multiverse or even the brane-world of Dp-branes. With each step forwards this
requires an increase in scale, both within the universe, or multiverse, as well as with the scale of the holographic
screen or black hole equivalent. The requirement for simulating a universe with the total complexity of the universe
we observe is the scale of the cosmological horizon at r =

√
3/Λ at around 13 billion light years. The holographic

screen required to completely simulate the universe we observe in complete detail is equal to that size. A smaller
holographic screen will result in “cracks” or “seams” that we can find, at least in principle. As physics and cosmology
progresses the effective Turing Test will eventually uncover the virtual nature of reality if that is the case.

As seen above it is impossible for any IGUS to simulate a world to this extent. The duality in measuring qubits
on both very small and very large scales means that it is not possible to simulate a universe that can conform to
a natural system of qubits. Energy and information available to any IGUS is limited below the ability to generate
such a simulation. A type IV or V collective could make a cosmology that is almost indistinguishable from a natural
universe,. However, anything at and certainly above a type III IGUS requires faster than light travel, by either
causality violations of relativity or violations of nonlocality and non-signaling in quantum mechanics. Ultimately
this means that not only is one limited in the ability to simulate the universe, but that the underlying principles
of the universe lapse into the unknowable. These prospects appear unlikely. Consequently, quantum nonlocality,
relativistic causality and STU dual-nonlocal limits on qubits means we may expect that scientific objectivity holds.
We then have reasonable expectations we are not in some grand simulation run by a high level IGUS.

Of course the distinction between a sophisticated simulation and what is natural is a subtle issue. This would
require far more study than what can be discussed in this essay. Further, discussion might consider how an IGUS
might simulate a world with far less information and use clever techniques to cover up the lack of bits/qubits. Most
are familiar with numerical techniques that do this, such as various digital filters or absorbers that eliminate signals.
We are also familiar with their limits and how one must be careful that such errors scale differently than the system
of interest. Without testing there is potential for some underlying “wiring”to the physics we observe, such as for
what constructs this grand scattering experiment called the big bang. The problem is ultimately a forensic problem
of detecting under wiring or seams. Even if a very clever type II IGUS is able to simulate a world very closely to
what we observe, the underlying wiring will have measurable signatures. This is a modification of the anthropic
principle that argues for naturalness.
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4 Implications for humanity

Our species is a type of IGUS engaged in exponential growth. We are amazingly capable of exploiting our environ-
ment and in the last couple of centuries our power has magnified enormously. There are ideas that we should expand
rapidly into a space faring civilization in order to avoid the limits we face on Earth. The Kardashev hierarchy of
types involves IGUS moving into space. It is very problematic whether we can move into space rapidly enough to
avoid our difficulties. The ultimate limit we face on this planet is simply running out of environment, where the
biological environment is our life support system. We are far from being able to completely replace that with life
support systems of our own making.

So far nobody has come up with an effective idea for why humans should go into space. Space travel is not
needed for space science, and its utility can only in the long run be economic. The first potential baby step in that
direction is with solar power satellites, where humans might be needed for deployment and maintenance. The next
baby step might then be with asteroid mining and related activity, which could in time lead to building habitable
rotating inverted mini-planets from asteroids. Yet so far we seem as far away from any practical human space travel
as we were decades ago. The moon has not been visited in nearly 5 decades, and the space shuttle-ISS programs
have proven to be scientific white elephants.

The issue of space travel is useless unless we manage to get some grasp on our problems here on Earth. If
the bio-support structure we depend upon collapses into a mass-extinction in this century it is unlikely anything
involving space could come to our rescue. Beside, the environments in space are far more forbidding than even the
worst that could happen on Earth. There have been debates over peak oil and other peak resource issues, where in
the end it is likely that the most crucial of these is peak environment. Climate change could in decades to come have
enormous disruptive impacts on the environment and the ability of our species to sustain itself through agriculture.

The extinction of Homo sapiens is a prospect that can’t be ignored. Within the MWI interpretation of QM
human die-out constitutes some set of quantum probable outcomes. If there is not die-out there are likely prospects
for our future in far reduced circumstances that never recovers our advanced condition. It might well in fact be
argued the only long term culture that can exist is a stone aged one, where our current condition could just be a
transient event between two stone aged conditions. Will we be able to “steer”our selves properly? That is impossible
to say, but we do not appear very good at managing complexity nor our selves. In recent decades there has been
a huge explosion in “management”structures in all segments of our world, both private and public, and we are as
far removed from actually solving many serious problems as we ever have been. One might in fact be hard pressed
to think of many serious national or world problems that we have actually solved over the last half century. There
are limits to the level of social and organizational complexity we can arrive at, which in spite of growth so far seem
incapable of solving real problems that are themselves becoming exponentially complex.

It may be that any intelligent life form in the universe that acquires technology is faced will similar problems.
This might be one answer to Fermi’s paradox on “where are they?” with respect to ETI. They may simply reach
practical limits, then implode and eventually fade away. It is my suspicion that this is the most probable future for
the human race, and that no amount of “steering” is likely to solve much. It is also my observation that those who
rise up the ladder of power to do the steering, within government, business and other socio-economic structures,
have over the last decades been of an increasingly inferior nature. This might be a manifestation of some limit to
complex societies [14] or any complex communicating system.

If we live in a simulation the underlying wiring should be apparent in a virtual reality Turing Test, where a
natural universe will have none of this. The limits to observable information tells us the foundations of a natural
universe have no underlying simulation or “wiring.”We could of course exist in a decent simulation, but this would
probably require a type II type of civilization to be at all convincing for some time under scientific scrutiny by its
internal observers or avatars. Yet these types of civilizations, Kardashev types etc, may well be highly improbable.
This might sound terribly pessimistic, but the silver lining is that it does give some confidence that we exist in a
natural universe rather than in some hyper-computer generated simulation. What we gain in the interim is some
confidence in the objective nature of the scientific process, or that our cosmic Turing Test is likely to point towards
a natural universe rather than some grand simulation.
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